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NICKEL AIDS THE POWER INDUSTRY 


to KEEP EM OPERATING! 


In this day of acute shortages of almost 
everything, power plant engineers are 
doing an amazing job of meeting de- 
mands for power—the power to keep 
em operating. 

Part of this success is due to their 
foresight in specifying materials that 
assure long life and withstand the added 
hardships imposed by ever-increasing 
peak-load demands. 

With the production of tanks, guns, 
and planes dependent upon power 
capacity, Nickel makes a valuable con- 
tribution towards uninterrupted opera- 
tion, through the improved properties 


it imparts to ferrous and non-ferrous 


alloys used in power plant equipment. 

So today the exigencies of war illus- 
trate more clearly than ever the simple 
truth of the familiar axiom, “A little 
Nickel goes a long way” toward in- 
creasing the dependability of power 
plant equipment, from turbine blades 
to high pressure valves, from flange 
bolts to shaft forgings. 

The technical staff of International 
Nickel has been privileged to cooper- 
ate with the power plant engineers and 
Government authorities who have made 
possible the great increases in power 
on which so much of the war effort 
depends. INCO engineers and metallur- 


gists offer counsel and data to all who 
desire assistance in the selection, fabri- 
cation, and heat treatment of ferrous 
and non-ferrous metals. 


New Catalog Index 


New Catalog C makes it easy 
for you to get Nickel litera- 
ture. It gives you capsule 
synopses of booklets and bul- 
letins on a wide variety of 
subjects — from industrial ap- 
plications to metallurgical 
data and working instruc- 
tions. Why not send for your 
copy of Catalog C today? 


* Nicke/ * 


THE INTERNATIONAL NICKEL COMPANY, INC., 67 wail st., New York 5,N-¥. 
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Cover Picture 


_ First Mosquito Bomber produced 
n Canada, photographed prior to its 
Atlantic crossing. Kodachrome cour- 
esy de Havilland Aircraft, Ltd., To- 
tonto, Canada. 


Special Section: Cast Steel 


To help engineers evaluate the pos- 
bilities in the application of steel 
‘stings, Propuct ENGINEERING pre- 
nts in this issue a review of wartime 
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developments in steel castings, in- 
cluding use of modern inspection 
methods. improved sands, molds, han- 
dling methods and machines, and use 
of heat-treatment and quench-harden- 
ing techniques which are proving val- 
uable in military applications and 
have promise for post-war design. 
Properties, applications, and refer- 
ences are also included. This is the 
third of a continuing series of 16-page 
presentations on materials, parts and 
processes. 


a situation beyond the Publisher's control. 


The Mosquito Bomber 


During the Battle of Britain. 
Geoffrey de Havilland proposed and 
started the design of the famed Mos- 
quito bomber in which the primary 
load-carrying structure is fabricated 
entirely in wood. Twenty-two months 
later, the Germans first felt the Mos- 
quito’s lethal sting. The design of this 
amazingly successful war plane, cap- 
able of speeds greater than any other 
plane in the world, has attracted the 
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enthusiastic attention of American 
engineers. Of particular interest are 
details of the wing design, front joint, 
selection of various woods, and the 
handling of concentrated loads in a 
wooden monocoque structure. On 
page 683, Propuct ENGINEERING pre- 
sents an exclusive and detailed analy- 
sis of the plane structure complete 
with sectional drawings. This infor- 
mation is being published for the first 
time in this country. 


Manpower Problems 
In the Engineering Department 


Present conditions have compelled 
chief engineers to devise new ways 
and means of getting more help in the 
engineering department and operating 
the department more effectively. There 
are many angles to the problems in- 
volved and in no two companies are 
conditions exactly the same. In the 
article beginning on page 704 we 
present the views and experiences of 
16 chief engineers with relation to the 
ways and means which they adopted to 
increase the output of the engineering 
department. The article discusses 
methods of hiring and training, wage 
scales, incentives, and short cuts in 
the production of drawings. 


Beads in Sheet Metal 


Uncertainties in formed sheet metal 
design are avoided and the advantages 
of standardization are gained in de- 
signing formed stiffening ribs or beads 
by the procedure and formulas em- 
ployed by Frank M. Mallett, Colum- 
bus, Ohio, plant of Curtiss-Wright 
Corporation, and presented on page 


708. His formulas for beads in alum- 
inum sheet for aircraft meet optimum 
requirements by balancing best me- 
chanical properties obtainable against 
production possibilities. They can be 
adjusted to suit other materials and 
other types of equipment. 


Hydraulic Circuits 


As a sequel to information on hy- 
draulic valves in the August number., 
and hydraulic pumps in the October 
issue, there is presented on page 738 
a series of drawings showing the hy- 
draulic circuits of some machine tools. 
These circuits are applications of the 
basic information in the two previous 
issues, and are but a few of the many 
used for machine tools. 


How to Select Baking Finishes 


Since the development and refine- 
ment of synthetic resins that are char- 
acteristically thermosetting materials, 
the paint, varnish and lacquer indus- 
try has been able to offer formulations 
of baking finishes that are nothing 
short of amazing. The general char- 
acteristics of these resins and the 
other materials that go into the 
formulations are described on page 
689. Baking times and temperatures 
are discussed only briefly because 
each formulation must be handled dif- 
ferently. Application methods are 
also indicated. Acknowledgment is 
made of the help of Dr. Joseph J. 
Mattiello, vice-president and research 
director, Hilo Varnish Company, and 
editor of “Protective and Decorative 
Coatings,” in the preparation of the 
article. 
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Aircraft Materials Conservation 


Long before Pearl Harbor, the Army Air Corps and the Navy Bureau of Aero- 
nautics began an intensive program of standardization. They started with 
specifications having a direct bearing on the operation and servicing of Army 
and Navy airplanes, as described in the article “Engineering for Defense,” 
which appeared in November, 1940, Propucr ENGINEERING. Complete organiza- 
tion of the Operations Committee on Aircraft Materials Conservation, represent- 
ing the Army, Navy and War Production Board, its mode of operation and its 
accomplishment will be presented by our Washington editor, R. N. Larkin, in 
our next issue. 


Aircraft Accessory Systems 


Use of electrical or hydraulic accessory systems in aircraft resolves itself into 
two schools of thought in design engineering circles. Some proponents are hard 
and fast for one system or the other, while others interested in the subject 
believe the features of both systems might be combined for superior operation. 
To get the pros and cons of each of these systems before our readers, PRODUCT 
ENGINEERING induced C. J. Breitwieser and C. B. Livers of the Consolidated 
Vultee Aircraft Corporation to give an analysis of the two systems. Mr. Breit- 
wieser supports electrical accessory systems and his reasons will be presented 
next month. Mr. Livers espouses the cause of hydraulic systems and his views 
will appear in the January issue. 





Rapid Release Latches 
Analyzed for Performance 


Control and accurate timing «i 
starting and stopping many mechan. 
ical and electrical cycles depends 
upon the ability of a release latch 
mechanism to lock and trip with re. 
liable precision, sometimes under dij 
ficult operating conditions. (ay 


Thumim, mechanical engineer, |.T¥} 


Circuit Breaker Company, after dp 


a 


scribing the inherent advantages ani} 
disadvantages of a few typical pf 
lease latch designs, see page wf 


analyzes the effects of load strain 
friction and impact forces upon re 
lease latch operation. 


Measurement of Stresses 
In Parts and Structures 


This is the second of the companin 
articles written by Russell G. Ande. 
son of the Product Developmen 
Laboratories of the Aluminum Com 
pany of America at Cleveland, Ohio 
In this article, beginning on page 712 
the author describes the various mean 
used to determine by test the stress 
developed in the part and the basis fr 
the selection of the safe working de 
sign stresses. 


Electrical Contacts Design 


Practically any electrical devie 
that uses contacts is dependent d 
rectly upon them for its satisfacton 
performance. But it is not a simp 
problem to select the proper contat 
material from the many metals ani 
alloys that present-day engineerin 
and research have placed before de 
signers. Dr. John D. Kleis, researc 
physicist, Fansteel Metallurgical Cor 
poration, see page 733, analyzes the 
problems of selection and describe 
the nature of common contact fai 
ures with practical suggestions fo 
their correction and cure. 


Torque-Stress-Load 
In Bolts and Screws 


With the trend toward lightweight 
engines, thin-walled castings ani 
highly stressed machine parts, the 
proper and uniform tightening of bolts 
has become a subject of considerable 
importance to design engineers. Ar 
thur H. Korn, chief engineer. Holly 
Pneumatic Systems, Inc., see page 792 
presents some tabular data tliat elim 
inate the necessity of the. designe! 
making tedious and recurring calcula- 
tions to determine the relationship bè 
tween torque, stress and load in bolts 
and screws. 
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HE Mosquito is one of Brit- 

ain’s outstanding aeronautical 

achievements of this war. De- 
signed purely as a military machine. 
its performance is such that it is now 
classed as the fastest operational air- 
craft in service today. Fur bombing and 
photo-reconnaissance work, defensive 
armament has proved unnecessary. As 
a Fighter-Bomber-Intruder, its speed 
and unusual range renders it an effi- 
cient weapon without parallel. An- 
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other characteristic, and the one which 
has roused perhaps the most interest 
in this country, is the fact that its 
primary load-carrying structure is fab- 
ricated in wood. 

The structural use of wood in an 
airplane subject to fighter load factors 
demands unique detail design treat- 
ment. Mathematical analysis alone is 
insufficient. The weight of experience 
must be added. This cannot be too 
strongly emphasized when contemplat- 
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R. B. McINTYRE 
Project Engineer 


de Havilland Aircraft, Ltd., Canada 


ing a design in wood. If this is lost 
sight of, the machine will contain im- 
possible shapes, have a preponderance 
of metal fittings, be susceptible to 
water damage or deteriorate under 
vibratory loads. 

The Mosquito was designed and put 
into production by the de Havilland 
Aircraft Company of Great Britain. 
This firm has a long and impressive 
record of aircraft production. It has 
been designing and building airplanes 


683 








in wood ever since the last war. The 
Mosquito is D.H.98 and of the previ- 
ous 97 types, only one all-metal ma- 
chine has been produced. The design 
features of the Mosquito are of interest 
to engineers whose experience has 
been drawn mainly from the field of 
metal aircraft and who may be con- 
templating the structural use of wood. 

The Mosquito is a mid-wing, twin- 
engined monoplane. It has a single fin 
and rudder and the tailplane is fully 
cantilever. The fuselage is mono- 
coque. 

The wing is fully cantilever and is 
based on two spars continuous from 
tip to tip through the fuselage. The 
wing, fuselage, tailplane, fin and flap 
are fabricated in wood. 

The engine (two Rolls-Royce Pack- 
ard Merlin 31) are mounted in the 
wings. Both engine cowlings and 
nacelles are sheet metal. Landing 
wheels retract aft and up into the 
nacelles. Oil and coolant radiators 
are mounted in the leading edge of 
the wing between the engine and the 
fuselage. Cooling air is taken in at the 
leading edge and ejected from a flap- 
controlled exit in the wing undersur- 
face. 

The Mosquito structure is designed 
to an ultimate C.P.F. factor of 8.0 
embodying a factor of safety of 2.0. 
(This corresponds to the High Angle 
of Attack condition in U.S.A.) The 
wing operates at loadings between 40 
and 50 lb. per sq. ft. The wood has 
been distributed by careful design 








Unfolded copies of com- 


plete Mosquito Bomber 
drawing may be obtained 
free upon a request ad- 
dressed to the Editor. 





to handle fighter-aircraft loadings. 

Adoption of wood for the fuselage 
structure has several attractive fea- 
tures. The use of an all-ply covering 
enables a clean wetted surface to be 
obtained. In wood it is relatively easy 
to reinforce entry doors, bomb door 
openings, cockpit coamings, and the 
other inevitable stress interruptions. 
Since fuselage skin stresses are com- 
paratively low the use of wood enables 
a thick shell to be produced, having 
a weight per square foot less than a 
comparable metal fuselage and at the 
same time a greater resistance to 
buckling. In addition there is remark- 
able freedom from initial “waviness.” 

Allowable stresses in spruce booms 
depend of course on the local form 
factors. For instance in the wing, the 
range of allowable compression 
stresses in the upper booms is between 
6,500 and 8,000 lb. per sq. in. Ten- 
sion values for white ash are taken 
as 12,700 lb. per sq. in. A value of 
7,000 lb. per sq. in. is set for Douglas 
fir in compression. 

Glue line shear stress between the 
birch ply and spruce is 380 lb. per sq. 





in. Shear stress is 300 lb. per sq. in. 
between ash and birch ply. 

If the glue joint can be mechanic. 
ally restrained permanently, due to 
the nature of the adjacent members, 
and if the grain directions of the ad. 
jacent members are coincident, then 
glue line shear values of 450-500 Ib. 
per sq. in. may be permitted. This is 
done on the Mosquito by liberal use 
of woodscrews. In no case is the wood- 
screw area figured in shear, but no 
hole deductions are made from the 
glue line area. The presence of wood- 
screws, however, will adequately guar- 
antee against subjecting the glue line 
to any tensile load. 

It has already been mentioned that 
the skins are fully stressed. In regards 
to the wing top skin the problem 
of panel buckling has been overcome 
rather efficiently by making the ef.- 
fective skin thickness great. In addi- 
tion the skin has been stress-connected 
to the spars in a somewhat unusual 
manner. The top skin of the wing is a 
shell consisting of two plywood skins 
separated by Douglas fir stringers. 
These stringers are continuous in the 
spanwise direction, and contribute to 
the “flange” area of the box. These 
have a depth of about 14 in. The 
plywood panels are each 14 in. thick, 
so that the over-all thickness of the 
top skin is 134 in. The resulting radius 
of gyration is great enough to enable 
the full compressive strength of the 
panel to be developed between sup- 
porting wing ribs. 


Fig. 1—Three-view outline drawing of 


the Mosquito. Note the sharply tapered 
wing and streamlining of the fuselage. 
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THE MOSQUITO BOMBER (continued) 










| be er Cy LS eee ere 
o " span ®& 
view on Top of Wing > $ i $ 
S f----- 842”.-----> 
) | Front spar i + Nace//e e N 


fairing 





Detachable 
wing tip 
Rear / 
spar-’ Frise type 
aileron 


A 





Leading edge 
. 1ng eag Flap shroud ! "ain d | 
(Z 
aea- 
` Slotted flap 
Section on A-A 


' 
Inboard 
removable pane! 


\ 
Outboard removable Whee/ 


. d a 
Leading eage Danai andl 


View on Bottom of Wing 





Section Through 


Spar Box Near Tip Spruce Top inner skin 


om boom 4” aon birch 









Section Through 
Spar Box 


Near Wing Root 


Dural connection angles 
woodscrewed to spar 
/ 


Balsa core 


J 3-ply birch skins 


/ 
Longitudinal 
ash tension member 


‘Bottom removable 
panel 


/Topouterskin , 
“ Va" S-ply maw / Douglas fir 


Fic. 2—GENERAL LAYOUT OF THE WING. 
Both spars are continuous, the frot spar 
being straight and the rear spar swept for- 
ward to account for the high taper ratio. 
The bending torsional and shearing re- 
sistances of the wing are provided by the 
“box” made up of the front and rear 
spars and the top and bottom skin panels 
between the spars, as shown at the left. 
The skins are fully stressed. Referring 
to the bottom of the wing, it will be seen 
that there are four removable skin pan- 
els. These panels are stress-connected to 
the front and rear spars and to the ad- 
joining skin edges. 

The direct compression bending stresses 
are carried by the upper spruce spar 
booms (or caps) and the Douglas fir 
stringers between the top skin shells, and 
the ply shells. The direct tension bending 
stresses are carried by the lower spruce 
spar booms, the longitudinal ash members, 
the spring stringers and the ply bottom 
skin. All the direct tension stresses which 
are induced in the bottom skin are fed 
into the spars by the outboard removable 
panel so that, across the wheel well, the 
spar lower booms are deepened locally. 
The inboard removable panel again picks 
up a slight tensile force but in the main 
this is a shear panel. 


Continuous stringers 


member 


Douglas fir stringers 


Front ` : ‘Rib caps 
Spar -Rib post- shown dotted 
—> external / 
a“ 
Rib po. st 
internal 


4 
Spruce stringers —-“ 
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Section Through Spar Box 
Outboard of Removable Panels 


‘Bottom skin panel 6" 3-ply birch 


(continued on next page) 


“Ash tension 
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THE MOSQUITO BOMBER 


Fıc. 3 — TYPICAL SECTION OF SPAR. The booms 
(or caps) are Sitka spruce. The top boom is 
laminated ja three pieces and spindled out 
to the section shown. This cross-section gives 
the greatest shear web gluing area for a given 
direct stress area requirement. The bottom 
boom is laminated from 0.4 in. thick lamina- 
tions. This thickness is needed to enable the 
dihedral (front spar) and swéep forward 
(rear spar) to be obtained during the gluing 
operation. It should be noted that the rear 
spar bottom boom is laminated vertically. 

The shear webs are three-ply all birch with 
the grain of faces and core at right angles. 
The webs are glued and woodscrewed to the 
booms with the face grain at 45 deg. to the 
long axis of the spar. Webs are “buckle re- 
sistant”? and not the tension field type. 

The spar cross-section shows the extent to 
which woodscrewing is carried to insure a 
positive and permanent connection between 
the adjacent members. It should be pointed 
out that all woodscrews are driven during the 
gluing operations so that no strain is put on 
the glue line after the glue has set up. To 
fully secure the woodscrews, they are dipped 
in a marine glue before driving. 


(A) Front wing 


(B) Rear wing 
engine joint 
' 


engine joint 


Engine load 





Fic. 4—GENERAL LAYOUT OF THE ENGINE-TO- 
WING MOUNTING sTRUCTURE. At (A) and (B) 
concentrated loads are conducted into the 
wood structure of the spars. 


Fıc. 5— DETAILS OF FRONT JOINT. Here, the 
depth of spar available for bolting up the 
joint was insufficient to secure the required 
bearing stress in timber. Because of the high- 
ly stressed bottom boom it is not possible to 
bolt through that boom. Hence a high bearing 
value material is introduced— Bakelite lami- 
nated sheet, about half-inch thick, in this 
case. This laminated stock is made up with 
birch facings 0.05 in. thick. These faces, 
bonded directly to the laminated sheet, per- 
mit the whole block to be glued to the ply 
web of the spar. Since the bearing value of 
this material is 30,000 lb. per sq. in. (ulti- 
mate) while spruce is only 5,000 lb. per sq. 
in. (parallel to grain) this gives 6:1 gain in 
bearing value for oné bolt. 


(continued) 
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Cross-Section of Spar on A-A 7 
| 
Cockpii 
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FIG.6 
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ig ! 
4 Bo ttom skin 3-ply Miclad lap plate Bakelite laminated flange glued into 
edge of removable panel 
oom Fic. 6—Birch-faced fabric—laminated Bakelite sheet just described is used in many 
y wings places throughout the structure of the Mosquito. Since its tension value is reason- 
ably. high (14,000 lb. per sq. in.) it is sometimes used where tension is to be 
transmitted. 


An example of this is shown above which details the method of bolting up the 

underwing removable panels. All wing-fuselage joints, tailplane-fuselage joints, 

aly elevator and aileron hinge joints, are kept at reasonable proportions through the 
use of fabric Bakelite sheet. 
























e M/! ply forward fad ply a= Top froat wing attachment joints aiaa anihi 
ere is spruce ere is birc. F , iagonally laid ply il ci 
5 ” # Fis hatch | of this section (unstressed) 
à i ‘ i 
pe entry a i ia 
oor ii 
~ : > 
=== ==> i a 
{ ais ' | a 
YF hy a leai, ei i 
| i ' 
C= : 
Bulkhead 
‘N 
2 - Rear entry door No.7 
Cockpit floor / Bomb door \ Bottom rear wing attachment joints 
e ide panel (fitted after assembly to wing) FIG.7 
_-Plywood lap strips 
) Inner skin. 
Jott rrr eek SSS FIG.8 
ing SSS 
ving n SIII RRR RLR anas 
: exec 
Outer skin” N Plywood lap strip balsa core 
nop Fics. 7, 8, 9—The Mosquito fuselage is of the monocoque type, the 
clad & Shell being balsa wood sandwiched between sheets of plywood. There 
i are seven transverse bulkheads; No. 7 being the aftermost and the FIG.9 
—_ one to which the fin and tailplane are attached. Above is shown a N i 
be; $ general layout of the Mosquito fuselage. Only the more important NN 
/ members are indicated, for clarity. Where local reinforcing of the Edge of WY eye 
J shell is required or when an internal member is to be glued in, the hole or cutout NY X f 
balsa between the shells is replaced by spruce or molded birch (see f Y 
detail, Fig. 9.) ound Balsa 
Molded birch 


In production, the fuselage is molded in two halves. The half- 
bulkhead sections are inserted into the mold and the inner skin is 
glued to these during the molding operation. Later, these half shells Inner ply skin” 
are joined together by lap strips at the top and bottom of the fuse- 
lage. Fig. 8 shows the method of joining the halves. The plywood lap 
strips are glued and woodscrewed into the shell members. 


insert 


(continued on next page) 
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THE MOSQUITO BOMBER (continued) 


Dinghy opening Spruce backing member 
n / between skins 


Cockpit coaming. 


Spruce reinforcing 
between skins 


“S Wing 
E an Aart Bat, 
i i 

— ane + Main spruce member 

aes ting (adju : Lele ) glued and screwed 
= — surface of Spruce members 
—_— glued and screwed 

to inside surface 


Bottom rear wing of shell 


joint fitting (fixed) 


asama 
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Bottom line of fuselage ~ 


Outer skin. _ 
Fic. 1O—ViIEW LOOKING ON THE INSIDE OF THE SHELL. Here the pick-up 


fittings and the spruce members to which they are bolted are shown. Spruce 
. pÉ k à A backing 
The top joint member is capable of carrying a 12-ton load. This 
method of spreading a concentrated load into the shell structure has 
proved efficient and, in addition lends itself to quick field repair 
methods. Since the wing is continuous, only four attachment points 
are used to connect the fuselage to the wing. While it is relatively 
easy to pick up the wing (at or near the spars) the fuselage con- 
nections required some careful thought. Referring to Fig. 7, the four 


wing attachment joints can be seen. Section Through A-A 


Fic. 11—Lanpinc strut. Rubber in compression ab- 

sorbs landing shock. Design eliminates the high pre- 

Separate plates, cision machining and fitting required for oleo-pneu- 

duralumin matic units. Each rubber block is molded with locating 

Hampel te ft lobes on the upper face and corresponding recesses in 

Casing- NN inside of casing the lower face. Pack is self-aligning. Resilience can 


semi-ellip- Y, | pierced for be restored by inserting a new half-rubber. 
tical press- dowel /obes on 


ing of steel NY [| b/ocks 


Fic. 12 — MovunrTING 
METHODS. The Mosquito, an 
Bakelite operational machine, must 
S ied iis -Outer carry a great deal of special 
| ee equipment. Use of fuselage 
: I members for attaching such 
- equipment to a wood shell 
| was vetoed since the pres- 
fà ence of a large number of 
Elliptical members renders a machine 
R | ss, ai more vulnerable to shell 
aa fabric 3 fire and shrapnel. The 
Bakelite method finally adopted is 
simple and effective. A “fer- 
rule” is used. Ferrules can 
hat be mounted almost any- 

Bakelite guide Ferrule fixed 


ton tube A aan th where inside the fuselage. 
Piston ' d uselage by o å 
connects to | ees dof glueing and Equipment can be installed 


wheel axle” casing Serves as bradding these at any production stage and 
bearing and guide faces new equipment can be 
for piston tube fitted at any time. 


rubber 


Protective 


garter. f Laminated fabric 
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U. 8. Army Photo from Acme 


Factors Governing the Selection 


Of Baking Finishes 


Baked surface coatings harden chiefly because of rapid oxidation at high heat. Application can 


be made by spraying, dipping, brushing, tumbling or roller coating. 


Identical results are 


obtained, regardless of the type of heating source, if the same heating schedule is followed. 


NDER today’s conditions the 

technology of formulation has 

developed to the point where 
finishes can be produced that will 
meet all kinds of conditions in use. 
Baking finishes, in particular, are now 
going through an especially significant 
development period. Refinements in 
the synthetic resins and convection- 
heating methods are contributing to 
this development. Infra-red heating 


also accentuates the demand for such 
finishes because of its advantages. 

There are six types of synthetic res- 
ins, called phenolic, urea. melamine, 
alkyd, maleic and coumarone-indene, 
that are used today in the formulation 
of baking finishes. Each has certain 
characteristics which make it desir- 
able for specific applications. but none 
has all the desirable qualities of the 
others. The coating desired also de- 
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pends on the drying oil. solvent and 
drier used. Furthermore, more than 
one resin, drying oil, solvent and drier 
often are used. 

Paints, by their very nature, must 
be eliminated because of the length 
of time necessary to produce a hard 
coating. This discussion is limited 
to varnishes, lacquers and enamels. 

Most varnishes are made by cooking 
a resin with drying oils until the resin 
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is thoroughly dissolved and then 
adding solvents and driers. Enamels 
consist of pigments ground into a 
varnish, bodied oil or resin solution, 
usually with the addition of a little 
drier. Lacquers usually contain cellu- 
lose nitrate, resin, plasticizer and a 
mixture of solvents. A comparatively 
recent development in lacquers is the 
substitution of cellulose acetate, cellu- 
lose acetate butyrate, cellulose mixed 
esters and cellulose acetate propionate 
for nitrocellulose. 

Another class of materials that en- 
ters into the baking-finish field are 
japans. These are black asphalt-type 
finishes. Certain grades of japans are 
made entirely of a bituminous base 
thinned with a solvent. Others contain, 
in addition, drying oils or semi-drying 
oils and occasionally resins. The bitu- 
minous base of the solvent japans may 
be made from semi-solid native 
asphalts, residual asphalts and fatty 
acid pitches which have the property 
of hardening on baking. The fatty 
acid pitches impart toughness. 


Characteristics of Resins 


Phenolics are noted for durability, 
hardness and resistance to boiling 
water, alkalis, acids and other chem- 
icals, particularly if no other resin is 
used. On aging, however, phenolics 
have a tendency to turn yellow, which 
further research may eliminate. For- 
mulations that have been modified with 
some addition of alkyd resin produce 
















coatings that are flexible to a degree 
determined by the amount of alkyd 
resin added. The inherent resistance 
of phenolics to moisture, dilute acids, 
alkalis, various solvents and other 
chemicals encountered in use makes 
them desirable for industrial coatings. 

Urea resins. used mainly in baking 
finishes, produce a hard, glossy sur- 
face and are particularly noted for 
their fast baking time and color 
retention. If they were used alone they 
would be brittle. Therefore, they are 
always used with alkyd resins or plas- 
ticizers. 

Melamine coatings follow the same 
general characteristics as the ureas, 
except that they are slightly better. 
Particularly, they are faster baking 
than the ureas. Differences are ap- 
parent, though, in toughness, moisture 
resistance and electrical properties. 
The toughness of melamine is not so 
great as that of urea, but the moisture 
resistance and electrical properties are 
considerably better. 

Alkyd resins are characteristically 
flexible, durable, gloss retaining, heat 
resistant, mar resistant, oil resistant 
and tough. They have excellent ad- 
hesion and are compatible with many 
of the natural and synthetic resins. 

Phenol-modified alkyds containing 
varying amounts of oils are quick- 
drying and have good water resistance. 
However, they lack the exceptional 
durability and retention of gloss and 
color of straight oil-modified alkyds. 

Urea-modified alkyds. or blends of 
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Fig. 1—Improvements in varnish properties ob- 


tained by fortifying ester gum with phenolic resin. 
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Elasticity, 
kauri reduction 


Durability range* 


Resistance to boil- 
ing, 5 percent 
Ivory soap solu- 
tion. 


Resistance to 5 
percent NaOH 
solution at 70 


deg, E. 


Resistance to boil- 
ing water, 15 
min. 

- Resistance to boil- 
ing water, | hr. 


Practically 


fected 
hr. 








urea resins with oil-modified alkyds. 
are used principally for hardness and 
mar resistance. Baking enamels of 
this type can be baked at the higher 
temperatures without objectionable 
discoloration. Humidity resistance is 
particularly notable. Hardness in- 
creases in proportion to the urea-resin 
content. 

Generally, maleic resins can replace 
modified phenolics in formulations 
where lighter colors are desired and 
comparative freedom from yellowing 
is important. Maleic resins give high 
viscosity without sacrifice in color. 

Coumarone-indene resins contribute 
such qualities as alkali, acid and brine 
resistance, gloss, desirable electrical 
properties, good adhesion and quick 
setting. Relatively small percentages 
of coumarone-indene resin cuts added 
to oil- or rosin-modified alkyd resins 
improve gloss and speed the setting 
rate of these finishes when they are 
baked at low temperatures. 


Drying Oils 


The common drying oils used in the 
formulation of baking finishes are lin- 
seed, tung, otherwise known as China 
wood, perilla, fish, soybean, oiticica 
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tically unaf- Slightly soft Soft 24 hr.; not Soft 10 hr.; not Soft 4 hr.; not Soft 1 hr.; re- Soft 1 hr.; re- 
fected after 24 after 24 hr. removed after removed after removed after moved 3 hr. moved 3 hr. 
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>» whitening; No whitening; No whitening; Slightly white; Slightly white; White; soft White; soft 
ad hard film hard film hard film hard slightly soft 
whitening; Very slightly Slightly white; Medium white; White; soft White; soft White; soft 
hard white; film slightly soft slightly soft 


hard 






*Figures indicate relative freedom from checks, cracks, or other signs of 
failure, 10 being the best and 1 the poorest. Exposure was from June 15 to 
November 15 on roof at 45 deg. angle, at Bloomfield, N. J., on maple panels. 
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ds. and dehydrated castor. Each of these are very fast-drying. Oiticica oil re- Solvents 
nd imparts specific properties to the re- sembles tung oil in many of its phys- Turpentine, the old standby of the 
of sulting finish, but none satisfies every ical and chemical properties and it thinners, is not now used extensively 
er requirement. Linseed oil has been used dries faster than linseed or perilla for baking finishes. Such solvents as 
jle for so long that its characteristics are oils. Dehydrated castor oil dries faster coal tar derivatives, petroleum-type 
is well known. Tung oil provides mois- than linseed and perilla oils but does thinners, esters, ketones, ethers and 
in- ture resistance, fast drying and dura- not achieve the final hardness of these alcohols have proved much better. 
ià bility to varnishes. Perilla oil has been oils. It has greater elasticity than tung, While their primary function is to 
used in some instances as a substitute perilla or linseed oil, and seems to be provide lower viscosity they must also 
cè for tung oil. Some types of fish oil good for color retention. act as a solvent for oils, resins and 
ns 
nd 
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Fig. 2—Retention of flexibility, as measured by the Kauri reduction test, of various resins exposed to weathering. 
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other vehicles. Thus, it may be more surfaces should be sprayed, dipped 
desirable to think of these constituents or roller coated. Small objects should 
as solvents rather than thinners. Here, be tumbled. Irregular surfaces should 
again, the desired properties are sel- be dipped or sprayed. Brushing usu- 
dom found in a single solvent, but are ally has no advantages for baking fin- 
obtained generally by two or more of ishes. All of the classes of baking fin- 
them. ishes have formulations that are well 
suited to each application method. 


Driers With coatings that can be either 
These constituents serve to acceler- baked or air dried it may be desirable 
ate the drying or hardening of a film. to apply less of the finish material for 
The most effective are compounds of baking than for air drying to reduce 
cobalt, manganese and lead, men- the probability of surface faults, such 
tioned in order of their strength. Lead as wrinkling. Coatings that are for- 
produces films intermediate in hard- mulated especially for baking gener- 
ness between cobalt and manganese. ally do not require as many coats to 
The latter produces the hardest film, achieve the same results. 
but in varnishes for making white Baking times and temperatures de- 
enamels it has a tendency to impart a pend entirely on the formulation of 
pink coloration. Cobalt gives rise to the finish. The higher the temperature 
skinning trouble because of its fast used, the shorter the time necessary 
surface-drying action. However, this to dry the finish. Such finishes can be 
difficulty is used to advantage in pro- overbaked or underbaked and care 
ducing wrinkle and crystal finishes. should be taken to guard against this. 
Cobalt and manganese are used to give The material to be coated frequently 
surface hardness. limits the temperature to be used. 
Application of baking finishes de- Thus, woods should not be baked at 
pends to a large extent on the surfaces temperatures above 150 deg. F. Sold- 
to be treated and the size of the ob- ered parts shoula be baked at least 
ject. Generally speaking, large flat 50 deg. below the melting point of 
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American Cyanamid é Chemical Corp. 
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{20 percent melamine 
“\80 percent alkyd 


~. [35 percent urea 
65 percent alkyd 
eo 
`s S20 percent melamine 
80 percent alkyd 


65 percent alkyd 


Sward Hardness 


Baking Tirne, Minutes Fig. 5—Influence of time and temperature of bake 
on hardness of film of a white baking urea-alkyd 


American Cyanamid & Chemical Cor). enamel. 








the solder used. Some die-castings are 
made up of alloys that form blisters 
and bubbles above this level. It iş 
possible, of course, to bake finishes 


indefinitely at the lower temperatures, f 
The relative advantages of radiant | 


energy, or infra-red rays, and convee. 
tion heating have long been estab. 


lished. The general statement can be | 


made that infra-red drying is faster 
than convection heating. This does 
not hold true for all finishes. however, 
nor is such fast drying always desir. 





able. Radiant heat goes through the | 
finish and is reflected from the sur. J 


face underneath so that it dries the 
finish from the inside out. Convection 
heating does just the opposite. 

A uniform temperature in all parts 
of the oven is essential and baking 
equipment should be so designed. Ven- 
tilation is necessary to withdraw 
vapors. However, any cooling arrange- 
ment should have as little effect as 
possible on the heating of the work. 

Because the baking requirements of 
the hundreds, or even thousands, of 
formulations of baking finishes avail- 
able are governed by so many vari- 
ables it is necessary to follow ex- 
plicitly the recommendations of the 
formulator to achieve the desired re- 
sults. This holds true, also, for the 
application method or technique used 
and the number of coats required. 


Baking Time, Minutes 





American Cyanamid é Chemical Corp. 


: Fig. 3—Relative hardening effect of urea and mela- 
“S38 percent urea mine resins on alkyd-resin white baking enamels. 


Fig. 4—Relative hardening effect of 20 percent 
melamine resin versus 35 percent urea resin on an 
alkyd-resin white baking enamel. 
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WARTIME DESIGNS 


Pat n 








| Synthetic Rubber 
-t Pads Isolate Table 


-f In Internal Grinder 






Sight feed 
spindle oiler 


Two speed 

Shift key for 
operation of 
cross-feed 


aie a. yn A ETAL TO METAL CONTACT is 


hydravlic Feed Es r s : k : ie 
dora. ata ey ; br g ; eliminated between the table and 
unctiens with each > fe à : 


table o$ei!/ation. K i aù bed in the Sav-Way grinder through 
F Feed 0.0002 "on worki i : use of Neoprene pads, which also 
lath ald serve to absorb table vibration. These 


po s mountings minimize possible distor- 

Table rãpid 3 i tion caused by green castings or mis- 

LKAA AAL — ff ae alignment of the machine foundation. 

Mik BA cael n m P Additional feature of the machine is 
i i optional hand or hydraulic operation, 
at the will of the operator. Hand con- 
ager AE trol is completely independent of the 
facilitates multiple hydraulic system. Thus with the hy- 
l GUL revelving ay draulic system disengaged. piston 
ý ot te aa al Ee : drag is eliminated. Design is such that 


p. 





gla bea gE a A 
AAI a G a a! ae a ill both hand and hydraulic feed can be 
. ea used in combination. All controls and 


for manual 


n hed rP - i ‘ a e 
ce by multiple D LAG JA e operating units are easily accessible. 
AA ` taai “ f i 
Dial for 


e K y- a a A g 


(continued on next page) 
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WARTIME DESIGNS 





Construction of Internal Grinder (continued) 


Wheel guard automatically drops 
to protect operator while loading 


Precision cross-feed screw 








ai 


Normalized alloy iron castings are used for bed and 
table. Bed is of heavily-ribbed whaleback construction. 
Table travels on scraped vee and flat ways fitted with cen- 


“ee A C e a EA 


Vane-type hydraulic z 


r av : 


Tr 
a NM a 
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Coolant tank, of heavy welded steel construction, rolls in 
and out of compartment in the base to facilitate cleaning. A 
motor-driven impeller pump is mounted on the tank. A 
three-prong plug and socket arrangement simplifies elec- 
trical disconnection when tank is rolled out for cleaning. 
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Diamond dresser 
adjustment 


Hydraulic dresser 


; 


tralized lubrication. Base is of welded steel, heavily rein- 
forced and ribbed. A two-position table stop with microm- 
eter adjustment is provided for shoulder and face grinding. 


Quick-lock 
e OL 


3 x 
Quick -lock 


e/ectrical connection 


: be Coolant pump 
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EE 
screw : 
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Hydraulic pump and motor, and electrical starting 
equipment are housed in another base compartment. Pump 
and motor are mounted on Neoprene pads to absorb vibra- 
tion. Oil reservoir and filter for the hydraulic system are 
also housed in the base. They are easily accessible. 
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Reverse deflection of 
excess coolant eliminates 
uncomfortable splashing 


produces exaust air blast 
self cleansing in operation 
\ self flushing at start 


Precision 
preloaded 
Straight gage qui// , bearings 
lapped fit max. 0.0002 l / 

in, clearances, 
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runout 4 in. from body A 


! i ¿Labyrinth spacers - \ 

i / ground all over 
lapped fit-no threads  \ 

E Collar clamp permits + 

use of larger quills 


Four preloaded precision bearings support the wheel 
spindle, which is driven through a flat belt direct from the 
> motor. Belt tension is maintained with a spring-tension 
idler pulley mounted on ball bearings. Spindle-drive motor 
is mounted on an adjustable base. Rotating labyrinth 
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headstock drive motor 
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Revolving multiple labyrinth 
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‘Bearing pockets ground in one setting > 
for concentrictty and alignment 


Air intake Revolving 
combining multiple 
with oil labyrinth 


Felt filter 
double 


screen 
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f i Labyrinth Spacers- 
f , ground all over 
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‘Heavy center section 
minimizes spindle whip 





‘Rear bearing locked on 
shaft (no keys) lapped fit 
permits natural expansion 


spacers and bearings set up air currents which supply an 
air-oil mist to moving parts. Air is drawn in through an 
opening in the back of the housing and picks up oil as it 
passes the sight-feed oiler. The resulting air-oil mist passes 
through filtering screens and felt into spindle chamber. 


Heavy cast guard 
swings clear for 


Cross slide is also a heavy- 
ribbed normalized iron casting 
with scraped dovetail ways. It is 
pressure lubricated with grease. 
Cross slide adjusting threads 
are precision ground. Ball-thrust 
bearings are totally inclosed. A 
telescoping adjustment and lock- 
ing arrangement compensates for 
wear and eliminates backlash, 
thus retaining pitch line accuracy. 


Precision ball- 
bearing idler 
spring-loaded 
for uniform 
tension 





AP 
trent screw 
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Redesigned 
Equipment 
Speeds 
Film Drying 


re in combat 
zones is a “must” to opera- 
tions officers. Operating on the 
“must” angle, engineers have re- 
designed film-drying equipment 
so that reconnaissance roll-film 
can be dried in a little more than 
30 minutes, where it formerly 
took three hours. 

The original design required 
scarce aluminum and stainless ‘ 

e sag 8 hp. variable 
steel, and atmospheric conditions a Speed motor 
affected its efficiency. In de- for film drive 
veloping a redesign, Captain L. 

L. McGladrey of the Army Air 
Corps, and E. B. Sickle of Lau 
Biower Company, met the follow- 
ing requirements: High-speed 
operation; minimum use of criti- 
cal metals; conform to Air Corps 
weight standards for airborne ibd 
: i oa 2 el bei | 
equipment; carry built-in filters Cine 
and means for heating, yet re- 
main within size limitations of 
bomber door dimensions. 

New dryer is built entirely of 
Armco Zincgrip-Paintgrip bond- 
erized sheet, except for the film- 
leader of light-gage, high ten- 
sile Armco stainless. The unit is 
powered by a % hp. standard 
motor which drives the blower 
and a 4% hp. variable speed 
motor for film drive. Incoming 
air is filtered. A 1,500 watt 
heater is built into each side of 
the blower drum. The dryer is 
designed so that a portable gaso- 
line heater can be used when 
available electric supply is 
limited. Complete unit in its 
shipping jacket with water tank, 
rewind spools and operating an f 4 
equipment weighs 230 lb, This eee . ; rae 
machine can handle film up to or heaten 
91% in. wide and 210 ft. long. 
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Pressure control 
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Solvent vapor 
“a. i 
Supply 








Liquid Tonk interior 
fevel sprayed 
control with zinc 


EVELOPED for military equip- 

ment this new fully automatic 
Circo degreaser supplies vapor through 
a manifold and multiple outlets for in- 
ternal cleaning of differentials, trans- 
missions and transfer cases. It can 
also be used for thawing. Vapor tem- 
perature is about 50 deg. higher than 
boiling point of water, hence moisture 
caused by condensation is removed in 
the cleaning process. 

Solvent is heated by removable 
steam coils which are fitted into a 
zinc-lined welded steel tank. Each 
outlet is fitted with seamless flexible 
bronze tubing and nozzle. This tub- 
ing is covered with braided bronze 
wire, steel spiral armor wire, and as- 
bestos and brown duck insulation. 

Proper solvent level is automati- 
cally maintained by a mercury-switch 
liquid level control. If the solvent 
level drops below a predetermined 
point, a red bulb lights and the steam 
is automatically shut off. Overload 
and low voltage protection are pro- 
vided for pump motor. An immersion 
thermostat is installed in the pressure 
control circuit for additional safety. 
If the pressure control fails to operate 
for any reason, the thermostat auto- 
matically performs this function, since 
it is calibrated in terms of tempera- 
ture and pressure for the solvent used. 
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Endless fabric and Trimming 

wire reinforced spring 

rubber belt \ 
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type wheels 
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Actuating link 


Tractor-Type Gear Permits Plane Landings 
On Soft or Rough Ground 


EVERED suspension and special rubber track high- joints. The cylinder thus receives direct tension and com- 













light this recent aircraft development, accomplished pression only. No side thrust is taken by the cylinder. 
through the collaboration of Hub Industries, Firestone Tire Other design features include Oilite bushings for linkage 
& Rubber, and the U. S. Army Laboratory. This new joints, an air-loaded rubber spring which takes rebound, 
tractor-type suspension operates at landing speeds up to and a fabric-wire reinforced corrugated rubber belt which 
120 miles per hour. rolls freely over grooved aluminum wheels. Geometry of 
A specially designed lever suspension permits mounting the linkage puts tension on the belt so that it absorbs 


of the air and oil shock-absorbing cylinder on universal part of the impact when ground is contacted. 
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Ta iny Blower Housing Molded of High-Impact Plastics 
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Letter 0.010" high~ 






; Taper all around 
inside wal/ 






C110 PT.4 insert 
6-32 tap 4 regs 
x a 






& wall thickness except 
where specified 





Secticn A-A 





y Compact, lightweight, and cap- ing air in devices where space is re- tic for the housing. Wheel is turbo- 
5 able of high output, this new blower stricted. Weighing only 2 oz., the type of cadmium-plated steel. Backing 
T was designed by the L-R Manufactur- blower delivers 15 cu. ft. per min. at plate is designed to facilitate mount- 
| ing Company for cooling electronic 3,000 r.p.m. Weight was reduced by ing on any type motor. This plate is 
equipment and for furnishing circulat- the use of high-impact phenolic plas- a molded phenolic resin blank. 





Double-Injection Molding of Thermoplastics 
Improves Parts, Reduces Surface Cracking 


Two molding operations are used 
to produce the plastic parts shown 
above, in a patented method developed 
by Gits Molding Corp. At left is shown 
a counter wheel produced by this 
process. The wheel itself is injection 
molded with cut-outs for the letters. 
This molding is then placed in a die 
and a second shot of white acetate in- 
jected, the material flowing into the 
cut-outs to form the numbers. At right 
is shown how this process eliminates 
shrinkage cracks in knobs. Because of 
thickness variation in plastic walls. 
molded knobs cure unevenly. some- 
times develop surface cracks. A rough 
core is first molded, then placed in a 
die and a second coating of uniform 
thickness injected over it. 
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MATERIEL IMPROVEMENTS: 


Quite a few new and redesigned 
items of military equipment were re- 
leased for public announcement re- 
cently, although they have been in 
use for some time. Complete details 
are not yet available but a good idea 
of the military value of the items can 
be gained from the information that 
has been released. 


Redesigned Bazooka 


Front line troops are using the new 
bazooka, officially known as the 
Rocket Launcher M1, Al, which was 
redesigned by the Ordnance Depart- 
ment to remedy certain defects and 
to provide certain safety precautions 
shown necessary by field experience 
with the original model. 

A conical shield of fine wire has 
been installed several inches behind 
the muzzle to break up any muzzle 
blast which might backfire at the gun- 
ner and the rocket’s electrical igni- 
tion system has been modified. A light 
bulb inserted in the stock to provide 
a circuit for testing the batteries be- 
fore firing is standard equipment and 
a new and improved sight has been 
devised. 


Bayonet Shortened, Strengthened 


Another Ordnance development is 
a shorter bayonet which is lighter. 
stronger and considerably more ver- 
satile than the old 1905, 15%%-in. 
weapon. The new bayonet is stamped, 
saving considerable man- and machine- 
time. High-carbon steel savings in 
1943 are estimated at 362 tons, and 
are expected to reach 500 tons for 
1944 scheduled production. 


“Gibson Girl” Goes Flying 


The Signal Corps has now publi- 
cized its “Gibson Girl” radio, stand- 
ard equipment on all Army planes 
making overwater flights, and so 
named because of its hour-glass con- 
tours. Commercial radio firms coop- 
erated in its development with the 
Signal Corps. 

The radio is an automatic trans- 
mitter, pre-tuned to the international 
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Official U. 8. Army Photo 
One of the new fantastically de- 
structive rifle grenades is being loaded 
on a Springfield 1903 rifle fitted with 
a launcher-adaptor. The grenade is 
propelled by gas released from a gas 
cartridge fired in the rifle chamber. 
The circular assembly on the tail 
serves to guide its flight, as do the fins 
on a bazooka rocket. The rifle grenade 
can be fired considerably farther than 
a hand grenade can be thrown, but 
not so far as a mortar shell can be 
fired. It is probably superior in range 
and fire power to the Japanese knee 
mortar (Propuct ENGINEERING, Feb., 
1943, p. 65). 








WARTIME DESIGN NEWS 


distress frequency. When crank oper. 
ated, a keying mechanism sends out 
an SOS which should be heard since 
all ocean-going vessels are required to 
maintain a constant watch on that 
frequency. The set weighs about 35 
lb, and is carried in a yellow bag 
which can be parachuted from a dis- 
tressed plane and spotted easily by its 
bright color. It is unsinkable. 

The 300-ft. copper wire aerial can 
be raised by a collapsible box kite or 
by two rubber balloons inflated by 
small hydrogen generators assembled 
with the set. Regular messages can 
be sent with a small button mounted 
on the face of the set, and the Morse 
code is stamped on the top of the 
cabinet. Also included is a lamp 
which can be powered by turning a 
crank on the set. 

The “Gibson Girl” is considered far 
superior to similar Axis equipment, 
particularly in the automatic keying 
device, the kite-balloon equipment for 
raising the aerial and the hydrogen 
generators for inflating the balloons. 


Flying Fire Trucks 


Army transport planes can carry 
the latest fire-fighting equipment de- 
veloped by the Corps of Engineers for 
its Engineer Aviation Fire Fighting 
Platoons. On land, the small trailer 
can be towed by a weapon carrier, and 
is useful not only against crash fires 
but in holding down damage incurred 
during air raids. It was designed 
particularly for protection of dis- 
persed landing fields, to which it can 
be flown rapidly in a transport plane. 


New Camera Gun Checks 
Aerial Firing 

Aerial gunners who shoot down 
enemy planes out of sight of friendly 
observers can still get credit for their 
kills with the new gun-point camera 
developed by Corp. Fred Behm, an 
armament instructor in the Air Forces 
Training Command Technical School 
at Yale University. 

The camera will photograph every- 
thing in gun range, and operates auto 
matically when the gun is fired. Pow: 
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ered by its own motor, the camera 
holds 50 ft. of 16 mm. film. It is syn- 
chronized to expose 64 frames per sec. 
at speeds above 300 m.p.h., 32 frames 
per sec. at speeds between 200 and 
300 m.p.h. and 16 per sec. at speeds 
below 200 m.p.h. Two automatic heat- 
ers operate when the temperature falls 
below 45 deg. F. and automatically 
cease operation when it rises above 
90 deg. F. The camera shows up firing 
inaccuracies and consequently is of 
considerable help in training accurate 
gunners. 


FIBER RATION POINTS: 


A contract for 900,000,000 ration 
tokens to be distributed early next 
year for the meats, fats and processed 
foods rationing programs went to the 
Osborn Register Company, of Cincin- 
nati, Ohio, which agreed to supply the 
new tokens by Feb. 1 at a bid price of 
approximately $1,300,000. The tokens 
will be made of vulcanized fiber, 0.88 
in. in diameter and 1/20 of an inch 
thick. Half will be colored blue 
for the processed foods program, half 
red for the meats-fats program. Speci- 
fications called for a cold-molded plas- 
tic containing material free of war 
priority allocation except a synthetic 
adhesive, or any satisfactory alternate 
material that is non-metallic. The to- 
kens will reduce paperwork associated 
with the present stamp programs by 
70 percent and will save an estimated 
$3,000,000 on the life of Ration Book 
4 alone, since books will last longer 
when al] stamps have the same value 
and change is made with the tokens, 
each of which will have a value of one 
point. Many man- and machine-hours, 
and considerable stocks of fine paper 


will be saved by use of tokens. Coun- 
terfeiting safeguards are planned. 


TOOL STANDARDS: 


A task committee of precision tool 
engineers and technicians is drafting 
standards for four categories of pre- 
cision measuring tools and instru- 
ments. The standards, covering tool- 
room specialties, micrometers, dial in- 
dicators and miscellaneous precision 
tools, will be published in bulletin 
form. They will include work already 
accomplished by individual firms. The 
finished product will resemble one al- 
ready drawn up by English tool mak- 
ers, and is expected to be of consider- 
able value in war and post-war opera- 
tions. 


ALUMINUM FOR DEVELOPMENT: 


Renewed efforts to obtain aluminum 
for use in product development were 
to be presented to WPB at a meeting 
of manufacturers with WPB officials 
Oct. 20. With the aluminum ingot 
supply “running out of our ears” ac- 
cording to one high WPB man, it ap- 
pears that only a manpower shortage 
prevented the release of limited 
amounts of material for development 
work. Informal estimates place the 
amount of ingot capacity in excess of 
actual war and essential industrial 
needs as high as 20 percent, although 
this excess probab'y would be reduced 
considerably if aluminum fabricating 
capacity was available in the quanti- 
ties in which WPB would like to have 
it. WPB’s top men are known to be 
anxious to let manufacturers proceed 
with what development work they can, 
but only when materials and men can 
be spared from the war job for such 





work. It is a safe bet that they will err 
on the side of conservatism in deter- 
mining just when men and materials 
can safely be spared. 


TENTH MATERIALS LIST ISSUED: 


Ferro-alloys and many non-ferrous 
metals in non-fabricated form are now 
available in sufficient quantities to 
meet war and essential industrial 
needs, according to the tenth Material 
Substitutions and Supply List issued 
recently by WPB’s Conservation Divi- 
sion. However, restrictions on their 
use cannot now be lifted, nor are these 
materials apt to be generally available 
soon, according to Director Howard 
Coonley. 

Zinc, aluminum, molybdenum, sili- 
con metal, ferro-chromium, ferro-tung- 
sten, ferro-vanadium and alloy cast 
iron, all of which were in Group I 
(insufficient) on the ninth substitu- 
tions list (Propuct ENGINEERING, 
Sept., 1943, p. 551) have been moved 
to Group II (sufficient). 

Phenolic laminates, phenolic mold- 
ing materials and vulcanized fiber, un- 
der 0.030-in. gage, eased sufficiently to 
drop to Group II. 

Metals are listed as critical in 
Group I in this order: Platinum, cad- 
mium, tin, bismuth, beryllium, copper 
and steel. Ferro alloys, in order of 
scarcity, are tantalum, nickel and co- 
lumbium. Low-phosphorus pig iron 
and malleable cast iron are also in 
Group I. 

Plastics in Group I, in order of 
their scarcity, are vinylidene chloride 
polymers, polystyrene, ethyl cellulose 
and cellulose acetate butyrate. 

Group II metals and plastics, avail- 
able in sufficient quantity to meet war 





Another example of the durability 
built into U. S.-designed and built air- 
craft is the Lady Jean, an A-20 light 
bomber, shown here as she landed on 
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a North African plain after her land- 
ing gear was shot up by flak. One 
wing bomb which had not been 
dropped was attached to the ship as it 








Photo by U. 8. Army Signal Corps 
landed. It failed to explode, and the 
Lady Jean and its crew were soon 
back in service. Note the dismounted 
machine guns in front of the motor. 
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Captured intact, along with almost 
the entire Pistora division of the Ital- 
ian North African army in last au- 
tumn’s race across the desert, was this 
Italian tank. Postcards found in it 
showed Italian troops advancing under 


and essential industrial demands, are 
as follows: 


Metals—Zinc, aluminum, silver 
and magnesium. 

Ferro-alloys—Molybdenum, sil- 
icon metal, ferro-chromium, ferro- 
tungsten, ferro-vanadium and 
spiegeleisen. 

Basic irons—Alloy cast iron, 
wrought iron, gray cast iron and 
pig iron, except low phosphorus. 

Steel construction materials— 
Structural shapes, piling, wire 
mesh reinforcing, reinforcing bars 
and rerolled rail products. 

Thermoplastics—Copolymers of 
vinyl acetate and vinyl chloride; 
polyvinyl acetate; polyvinyl buty- 
ral; polyvinyl formal; polyvinyl 
chloride; polyvinyl alcohol; cellu- 
lose acetate; and methyl metha- 
crylate. 

Thermosetting plastics—Mela- 
mine-formaldehyde; urea-formal- 
dehyde; phenolic laminates and 
phenolic molding materials. 


MATERIALS: 


Maleic anhydride and acid are now 
allocated under order M-214. Author- 
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fire and bore the legend: “We are pre- 
pared to die.” Note the extensive riv- 
eting, which has, for all practical pur- 
poses, disappeared from U. S. armored 
vehicles. Note also the small-caliber 
turret gun. Tracks are apparently of 


ization to use or accept delivery must 
be obtained on form WPB-2945, ex- 
cept that 500 lb. of maleic anhydride 
or 200 lb. of maleic acid may be ob 
tained without authorization in any 
month. 


Chromium and nickel for use in 
automotive intake and exhaust valves 
is restricted under an amendment to 
order L-128. No material other than 
carbon steel may be used for intake 
valves without specific WPB authori- 
zation. Limits on the nickel and chro- 
mium which may be used in exhaust 
valves remain unchanged. 


Safety equipment can now contain 
certain critical materials heretofore 
prohibited, under an amendment to 
order L-114. Aluminum can now be 
used in specified parts of respirators, 
gas masks, oxygen breathing appara- 
tus and goggles. Magnesium must be 
substituted for aluminum wherever 
practicable. 


Cadmium js further restricted un- 
der an amendment to order M-65-a 
which limited the military exemption 
on it to that required by prime con- 
tracts. Certain changes also were 
made in Lists A and B of the order. 


Ofcial Photograph, U. 8. Army Air Forcu $ 
the steel-block type. The hull is much} 
more vulnerable to direct fire than nf 
comparable German or U. S. vehicles f 
but the running gear appears to bf 
considerably less complicated than 
that of German tanks. 


Primary chromium chemicals ar 
allocated under supplementary orde: 
M-18-b as amended. One _ hundrei 
pounds or less of any such chemical 
may be delivered in any month with 
out authorization. 


Acrylie monomer and acrylic res 
ins will be allocated with consider. 
ably less paper work under an amen¢: 
ment to order M-260. Acrylic resin 
also have been included in the prod: 
ucts covered by order M-154 to bring 
their use into line with that of other 
thermoplastics. 


Zine used for items not specifically 
prohibited by List A or order M-11> 
has been set at 15 percent by weight 
per quarter of the amount used during 
1941, under an amendment to M-11-b. 
The amendment allows an increase 0! 
10 percent of the amount used in 
1941. 

Polyvinyl butyral will be made 
available for civilian safety glass in 
limited amounts according to WPB’ 
Chemicals Division. Allocations will 
be made in lump sums to applicants 
based on their past military use © 
this resin. It wilt be usable only for 
safety glass. 
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“Engineering Is Management... . 


GROUP OF ENGINEERS was discussing the position of the chief engineer 

in the corporate structure. One summed up the situation neatly when he stated, 
“Engineering is management, not a subordinate function. The three major divisions of 
every manufacturing company are engineering, production and sales. Taken together, 
they are the management of the company.” 


Such an attitude with reference to the chief engineer’s position in the company is a 
decidedly healthy one, both for the company and the product engineering department. 
It is generally agreed that any company that compels its engineering executives to play 





rra a subordinate role is doomed to mediocrity or failure. This is particularly true now 

m when all manufacturers must redesign their products or develop new ones for the post- 

icles E war period. 

ri p All the large corporations have clearly recognized the equal importance of engineer- 

ý ing with respect to the other elements of the corporate structure. Many medium-sized 
j companies have benefited by following in the direction indicated by larger organiza- 

-E tions. Scan the list of successful manufacturers, and one finds that in most of them the 
chief engineer also carries the title of vice-president. 

are If one analyzes the companies wherein the chief engineer plays a minor role, it is 

rder usually found that the chief engineer is at fault or that the company has failed to brush 

7 out the cobwebs that accumulated five decades ago. Such companies are usually headed 

with by sales-minded individuals who can think back to the days when product design was 
largely a “rule of thumb” and most material was cast iron or “machine steel.” These 

reel executives fail to recognize the steady progress in science, metallurgy, design procedure 

ider. and all other phases of technology that now are powerful tools. 

z As one man put it, “Any company that is so far behind the times that it fails to 

rod: recognize that product designing is a science is doomed. Admittedly, we do not have 

ring all the answers to the innumerable problems of stress, strain, corrosion, vibration and 

ther other problems, but we can solve the usual ones and are rapidly developing the 
answers to others.” 

cally 

1lb Nothing in history has demonstrated the power of the product engineer as have the 

ight accomplishments of this war. The same talents, the same energies, applied with equal 

T authority to solving the design problems of peace will bring comparable astounding 

ad results. And it will be regrettable for the companies whose top executives fail to recog- 

1 in nize this fact. 
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Manpower Problems 


In the Engineering Department 


On September 28, 1943, a group of 16 chief engineers met in Cleveland to discuss their common 


fundamental problems and to exchange their views and experiences. This report summarizes the 


discussions of the morning session, devoted to methods used to cope with the manpower shortage. 


HE most serious and wide- 
spread problem facing engi- 
neering departments today is 

that of keeping up to schedule in 

spite of manpower shortages. The 
over-all problem can be divided into 

a number of components such as hir- 

ing, training, establishing incentives. 

procuring the services of outside engi- 
neering organizations such as consul- 
tants, designers and detailers, resort- 
ing to increased working hours, adop- 
tion of short cuts or time-saving 
equipment in the drafting room. 
The initial step in establishing and 
maintaining an organization is that 
of hiring the help. Actually. the-job 
of hiring a new employee does not 
begin when the candidate presents 


704 


himself at the employment desk. That 
was the old yardstick which was rap- 
idly going out before this war emer- 
gency and has now entirely “gone by 
the board.” 

Five of the companies represented 
at the Cleveland meeting report that 
they always have had cooperative re- 
lations with some selected technical 
school or college. During this period 
of manpower shortage, companies that 
had close contacts with technical 
schools found them highly advan- 
tageous. The institutions concerned 
ranged from manual training schools 
to universities. 

One company has an arrangement 
with a manual training school under 
which the company furnishes foremen 


to serve as instructors in the school. 
The instructors get intimately ac- 
quainted with the students and can 
gage their relative merits. By associ- 
ation with the foreman, the student 
gets better acquainted with the com- 
pany’s policies, activities and opera- 
tion. Thus the company is in an ex 
ceptionally good position to select the 
cream of the students and those cho- 
sen are more likely to accept the job 
offered. 

Similar close relations between a 
company and the school with which it 
cooperates are developed when the 
school offers cooperative industrial 
courses. In such courses the student 
alternates his time between the manu- 
facturing company and the school. 
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The cooperating industries are able 
to evaluate the boys and usually get 
the “best of the crop” when they 
graduate. 

In the present manpower shortage. 
school and industrial relations have 
been intensified with good results. 
One company hires trade school grad- 
uates, 16 to 18 years old, for the 
engineering department. After about 
nine months additional training in the 
engineering department, the gradu- 
ates become good draftsmen. 

One company uses senior class stu- 
dents in technical schools for part- 
time work in the drafting room at odd 
hours. This works well for routine 
jobs such as tracing and making cor- 
rections. Besides tracing and other 
drafting work, manual training school 
graduates can be used effectively for 
handling routing 
schedules and similar jobs of a cleri- 
cal nature. 

It was pointed out that the injec- 
tion of young blood into the engineer- 
ing department and effective use of 
youths has a stimulating effect on the 
older men of the organization. 


records, following 


Girls in Engineering 


There is a distinct feeling that con- 
clusions should not be drawn hastily 
as to the effectiveness and efficiency 
of girls used in the aircraft plants. 
particularly those on the West Coast. 
Specific performance records of such 
girls have not been made generally 
available. The fact that 50 percent 
or more of the drafting room person- 
nel are girls is in itself no proof of 
the economics involved. The labor 
problem on the West Coast is more 
acute than anywhere else, and the 
main objective is to get out the pro- 
duction regardless of cost. 

\lthough some companies report 
that girls are being used with grati- 
fying results it must not be concluded 
that they can be employed with a 
high over-all efficiency. Much de- 
pends on the previous training of the 
girls. One company has 16 girls in 
its engineering department, 10 of 
whom are graduates or students of a 
cooperative training course conducted 
by a university in the same town. 
After they are hired, all the girls re- 
ceive continuing training by the com- 
pany under the supervision of an 
appointed engineer. Four of the girls 
have developed to a point where they 
can be depended upon to do good 
detailing. 

The above record of experience with 
girls seems to be exceptional in the 
light of the experiences of three other 


companies. One of these companies 
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has 25 girls in the engineering de- 
partment. One girl is described as an 
excellent prospect, three as “hopeful.” 
and the remainder “just make lines.” 
The executive engineer of another 
company states “generally speaking. 
we do not hold out much hope for 
women in the engineering department. 
Right now we have 5 girls in the tool 
design department but we use them 
primarily for routing the work rather 
than doing drafting. Sometimes we 
use them for making shadow draw- 
ings.” 

Unquestionably, a great deal de- 
pends on the manner in which the 
girls are hired and trained. One com- 
pany has obtained highly satisfactory 
results by hiring girls from a special- 
ized training school. The girls enroll 
in the drafting school, a privately- 
operated independent institution, and 
pay for the course themselves. This 
company works closely with the school. 
\t frequent intervals a company rep- 
resentative, usually the chief engineer 
or one of his assistants. visits the 
school and interviews the girls, ob- 
serves their progress, and frequently 
hires some, while they are still stu- 
dents, to come with the company upon 
their completion of the course. In 
general this company has found girls 
highly satisfactory for tracing and a 
few of them developed sufficiently to 
perform detailing work. 

Highly enthusiastic over the use of 
girls in the engineering department, 
one chief engineer expressed the view 


that the success or failure in using 
girls hinges largely on the effective- 
ness of their prior training. His com- 
pany hires only college girls and gives 
them specialized training. Girls are 
used in the drafting room and also in 
the laboratories as assistants and 
chemists. The assistant to the chief 
metallurgist of this company is a 
woman. 

In judging the effectiveness of girls 
in the engineering department, it 
must be considered that they are tak- 
ing short, intensified courses created 
by wartime manpower pressure. 

All the engineering executives at- 
tending the Cleveland meeting were 
in full agreement that women in the 
engineering department should be 
paid the same salaries as paid men 
doing the same kind of work. 


Wage Rates and Incentives 


In most companies both hourly rates 
and salaries are paid to engineering 
department personnel. In one com- 
pany almost all the people working 
in the engineering department are on 
an hourly basis, a “throwback” of the 
last depression. At that time the com- 
pany put everyone in the engineering 
department on an hourly basis in 
order to retain as many as possible on 
the payroll. This has proved bene- 
ficial to the men as they now receive 
overtime pay. Special arrangements 
have been made for overtime compen- 
sation for those on a salary basis. 

Wage rates represent the worst 





Tracing and detailing jobs in the engineering department are now being 
performed by women. In most instances, manufacturers found it neces- 


sary to train these 


girls for specific types of engineering drafting. 














problem facing engineering executives 
today. With wage and salary scales 
frozen, it is often impossible to com- 


pete with higher salaries offered by 


other war plants. One cannot blame 
a man for quitting for a better paying 
job. 

Because the Treasury Department 
may demand evidence to prove the 
justification of overtime pay, one com- 
pany has requested the men in the 
engineering department to ring the 
time clock voluntarily. The men are 
asked to keep the time cards so that 
they will be able to prove the amount 
of overtime work they did. For the 
same reason, another company has 
requested its engineering department 
men to keep their own record of over- 
time. The record card is counter- 
signed by the boss and a copy of the 
record is kept by the company, but 
the man keeps the original record of 
his overtime. 


Bonus Payments 


Various forms of bonus payments 
are now being used to serve as a com- 
pensation for overtime work by super- 
visors in the engineering department. 
Considerable discussion was given to 
the advisability of paying the bonus 
and salary in separate checks. It was 
felt that the recipient of the money 
would be more likely to make better 
use of it and put it away for a rainy 
day if he were to receive separate 
checks for salary and bonus. Several 
of the companies represented pay sep- 
arate checks. It is interesting, how- 
ever, that one company, which is com- 
pletely unionized, paid separate checks 
until the union brought heavy pres- 
sure to bear to compel the company 
to lump together the salary and addi- 
tional compensation in one check. The 
reasons are obvious. 

Of the various means used to pre- 
vent migration of men to higher-pay- 
ing war jobs, the development of a 
company spirit of loyalty in which the 
men are impressed with the fact they 
will benefit in the long run by contin- 
uing in the company’s service, seems 
to be quite effective. As explained by 
one chief engineer, “We have always 
kept wages at a conservative level and 
tell the men quite frankly that we will 
not compete with wage scales in the 
open market. On the other hand, we 
assure our engineering department 
employees of steady work. This policy 
was used successfully in the last de- 
pression when we lost only four out 
of 100 men. Even today most of our 
employees still remember how they 
were taken care of by the company 
in the depression years. Today, as 
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always, we take the men right into 
our confidence. We show them how 
we are planning for post-war work and 
what we are doing to assure them of 
having a steady position. In other 
words, we show them that a position 
in our engineering department is a 
long term job and not a temporary 
one that will vanish when the pres- 
sure of war work ceases.” 


This company believes in the crea- 
tion of a professional level for the 
senior salaried employees in the engi- 
neering department. In normal times, 
senior salaried men are not paid for 
overtime work except that required by 
law, but are given a liberal amount of 
free time. The idea is to make the man 
feel that his position in the company 
organization is one which merits spe- 
cial consideration. As an incentive to 
advance in the engineering depart- 
ment various recognitions are given 
along with salary increases. For ex- 
ample, after the man has reached a 
certain salary level, the company pays 
$100 expenses per year for visits to 
technical society meetings in which 
the man is personally interested. This 
additional traveling fund is for meet- 
ings other than those which he is ex- 
pected to attend as a company repre- 
sentative. Along with this, there are 
certain other liberties that are given 
the man as he steps up the salary 
scale. At a certain level, he is no 
longer required to punch the clock. 
As the man goes up into the higher 
salary brackets, he has less restric- 
tions and more freedom. This devel- 
ops a wonderful “esprit de corps” in 
the engineering organization and few 
men have been lost to other better pay- 
ing companies in spite of the fact 
that the company has steadfastly ad- 
hered to a conservative salary pro- 
gram. While not required, overtime 
is being paid at the standard hourly 
rate to senior salaried personnel dur- 
ing the war emergency period when 
many overtime hours are being 
worked. 


Working Hours 


The consensus of the chief engineers 
present was that at least Saturday 
afternoon should be left free for shop- 
ping and doing personal errands or 
whatever else the men may have to do. 
This can be achieved by shorter lunch 
hours and stretching the hours on the 
other five days. One company working 
52% hours per week, works nine hours 
a day for five days and 744 hours on 
Saturday. The chief engineer of that 
company insists that there shall not 
be more than 11 hours put in on any 
one day. Another company states the 


maximum work day shall be 10 hours, 
A third company does not permit more 
than two hours overtime on any one 
night, nor more than three nights a 
week overtime. There must also he 
one hour of relaxation between 5 and 
6 p.m. and the men then work until 
8 o’clock. 

Another one of the chief engineers 
present felt that a half hour’s relaxa. 
tion is enough between the end of 
regular day and the beginning of the 
overtime. The regular work week of 
this company is 47 hours, but a few 
of the staff men in the engineering 
department become so intensely inter. 
ested in war work they put in 60 to 70 
hours per week. However, the men 
are not permitted to keep up such a 
pace and the company rule is that no 
man shall be permitted to work more 
than 60 hours. It appears that a 56 
hour week gives the best production 
results. This seemed to be borne out 
by the experiences of one chief engi 
neer who received drawings from an- 
other company that worked its engi- 
neering department from 60 to 70 
hours a week. The drawings were full 
of mistakes and had to be checked very 
carefully for all detailed dimensions 
and other drafting errors. It was found 
by actual count that 20 to 30 percent 


of the drawings over a long period 
had serious errors. It was the general ff 


opinion of the chief engineers present 
that overwork in engineering is bound 
to produce poor quality and many 
errors, this being especially true in 
the mathematical work of stress 
analysts. 


Satellite Engineering 
Departments 


In order to ease the war load on the 
engineering and drafting facilities, 
some companies hired small concerns 
in nearby cities to do some of their 
engineering. When a job is assigned 
to a satellite office, the design ideas are 
roughed out and general over-all plans 
and specifications indicated. The ma- 
terial is then sent to the satellite plant 
along with a supervisor or two super 
visors. The supervisors are stationed 
permanently at the satellite plant and 
have their office and desk space there. 

One company uses a firm of indus- 
trial designers for this purpose. The 
procedure is to have the executives 
of the company and industrial design- 
ers meet and draw up a legal contract. 
The budget is then set up and a regu- 
lar check is kept on progress of the 
work. The arrangement of using 4 
satellite plant seems to work out satis- 
factorily for tooling jobs. One com- 
pany reported the unsuccessful use of 
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a satellite plant in the development of 
new product designs. On the other 
hand, the use of a satellite plant seems 
to create a sort of competition which 
stimulates the effort put forth in the 
engineering department of the com- 
pany. 

It is the general experience that 
successful use of a satellite plant de- 
pends largely upon close supervision. 
It is necessary that the chief engineers 
at regular intervals and by personal 
Visitation check progress of the work 
in the satellite plant and this can be 
done effectively if the plant is within 
an overnight railroad trip away from 
the home office. 

Because of the war emergency, one 


company has found it necessary to 


graduate all draftsmen and tracers to 
more advanced engineering work and 
all routine drawing and tracing is 
done by a satellite plant located near 
enough to the home office to permit 
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the supervisors to drive home every 
night. 

Another method for increasing 
drafting room production is through 
the use of mechanical devices. The 
photographic method of making trac- 
ings is a fruitful way of increasing 
production of the engineering depart- 
ment of a given size. A method found 
successful is to make the master draw- 
ing in pencil on vellum paper. This 
drawing is then photographed, giving 
a “production tracing? which has 
black lines on cloth or tracing paper. 
The master pencil drawing is kept in 
the vault while the production tracing 
is used for making the production 
blueprints. 

Only the production tracing is al- 
tered periodically for the usual run of 
mistakes and slight changes. When 
major changes are to be made in the 
drawing, the master drawing is taken 
out of the file and brought up-to-date. 
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For a tracing 36x36, the total cost of 
making a production tracing by the 
photographic method is about $1.80 
when made on tracing paper. This is 
highly economical when compared to 
the cost of making a tracing manually 
which would require about a week’s 
time. 

The roundtable discussions served 
to bring out the numerous complex 
problems facing chief engineers. They 
are responsible for the success of de- 
sign through selection of materials, 
parts and methods, and they must cope 
with personnel, wage policies and man- 
agement relations. The most impor- 
tant problem facing engineers today is 
organization for post-war development. 
How these engineers have taken con- 
crete steps in this direction was re- 
viewed at the afternoon session de- 
voted to Post-War Planning, which 
will be reviewed in the December issue 
of Propuct ENGINEERING. 
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Bead Designs Studied 


For Standardization 


FRANK M. MALLETT 


Curtiss-Wright Corporation 


Design of formed stiffening ribs or beads in sheet aluminum aircraft parts can be 


simplified by following dimension standards established here. These standards, expressed 


mathematically, take into account formability of the material, economy of production, 


type of forming equipment, and relation of beading to other features of design to be 


formed simultaneously. Standard symbols make detailing of beads unnecessary on drawings. 


DEQUATE strength and stiffness 
of sheet metal parts for air- 
craft are commonly attained 

by forming beads, which consist of 
ridges or groove-like depressions in the 
sheet, and by flanges around holes 
through the sheet. Proper design gives 
buckling resistance equivalent to flat 
sheet several times thicker and heavier. 
Beads are superior to attached stiffen- 
ing angles in two ways: They add no 
weight and they save the time for 
attaching an added part. 

Achievement of necessary strength 
in the sheet through design of beading 
is limited by the amount of deforma- 
tion that can be produced in the sheet. 
a factor that depends upon character- 
istics of the metal used. Thus it is 
necessary to know forming properties 
of the metal so that the best com- 
promise can be worked out between 
producibility and other design con- 
siderations. It is useless to design a 
part with excellent strength and 
weight characteristics if it cannot be 
formed, or if the forming must be 
done by hand. It is important, there- 
fore, to weigh the factors that should 
control the design of stiffening ele- 
ments such as beads. 

High-strength aluminum alloys can 
be made to undergo severe forming 
when sufficient pains are taken, which 
usually means hand forming or at 
least hand-finish forming. When quan- 
tity production of sheet metal parts 
is required, hand forming is unde- 
sirable and hence it is necessary to 
control design of the parts so they 
can be formed entirely by press tools. 
Thus design criteria do not necessarily 
represent the most that can be 
achieved in forming, but rather that 
which can be done easily and cheaply. 

A solid foundation of production de- 
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Fig. 1 --Cross-section of a bead in sheet 
metal with proper dimensioning. 


Fig. 2—Computation of bead width W 
is based on radii and depth of bead. 


sign criteria for sheet metal parts is 
achieved by an analytical approach, 
supported by experimental data. Ex- 
periment and observation show what 
can be done with the metal under 
various conditions. Analytical methods 
are being developed to determine what 
a given design requires in the way of 
forming, in order to answer the ques- 
tion, “Can it be formed?” On this 
basis bead designs can then be stand- 
ardized. 


Notation and Description 


In Fig. 1 is shown the proper 
method of dimensioning a typical bead 
cross-section, and the notation that is 
used. Fig. 2 shows how the width W 
is computed after the depth D and the 
radii have been chosen. In this right 
triangle, the vertices of which are the 
centers of the two radii: 

R2 = (R, — D)? + (AW)? 








or W = 2 ¥2R,D - D (1) 
where R, = Ri + Rz 

Width W does not depend on in- 
dividual values of the radii, but upon 
their sum and the depth. 

A lengthwise section through one 
end of a bead is shown in Fig. 3. 
Beads as in Figs. 1 and 3 are formed 
with the crest on the same side of the 
sheet as the flanges, if any. The 
“block” shown on these figures is the 
standard form block used in the rub- 
ber-pad or Guerin process. If the bead 
is to be formed on the side of the sheet 
opposite the flanges, the dimensioning 
will be as in Fig. 4. In either case the 
dimensions are $0 the block side of 
the metal. In Fig. 4: 

R4 = R: + 0.03 
R; = R, — 0.03 
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The R,, and therefore W, are the same 
as before when these values are sub- 
stituted for Rı and Rə in the equa- 
tions. 


Elongation 


The nominal elongation required to 
form a bead can be expressed as the 
unit elongation that results from 
stretching the flat width W into the 
curved width L. Thus, if E represents 
the unit elongation: 

L—W 
B= (2) 

For simplicity L is measured along 
the center of metal thickness, accept- 
ing the slight error introduced by not 
using the neutral axis. In Fig. 1 and 
2 the angle @ is for each of the arcs 
having R. as a radius, and 26 is the 
angle for the arc having R, as a 
radius. 

(R. — D) 

This angle is measured in radians. 
Then L = 2(Rı + k) 0 + (Ri — k) 20 
where k = half the metal thickness 
o L = 20R, (4) 


From Equations (2), (3) and (4) 


.-D i 
2R, cos! G R. ) — W ; 
W ` 


ð = cos! 


(3) 


5) 


Using Equation (1), Equation (5) 
can be written: 


R. — D 

R, cos" ( R 2) 

E = -1 6 

V 2R.D — D? “ 

These formulas are used for com- 

puting the nominal elongation re- 

quired to form a bead. The meaning 

and use of this computed elongation 

will become clear from further inter- 
pretation. 





Forming of Beads 


Complete discussion of the methods 
of forming beads and the tooling 
thereof is unnecessary but it is de- 
sirable to describe these methods 
briefly to show the reasons behind 
design criteria that are to be pre- 
sented. 

It is possible to roll beads into flat 
or even formed sheets under certain 
conditions, but the most common 
methods of forming beads are: 

l. Steel or Masonite form block 
with rubber pad in hydraulic press 
(Guerin process). 

2. Punch and die. 

In both methods, the bead is 
formed at the same time all other fea- 
tures of the part are formed, such as 
flanges, flanged holes, and joggles, 
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completing the part in one operation. 

In rubber forming, when the bead is 
to be formed on the same side as the 
flanges, the form block has a recess. 
or groove, into which the metal is 
pressed. The aluminum alloy blank 
rests flat on the surface of the block. 
When the rubber pad descends, its 
first contact with the blank tends to 
hold it in contact with the block. 
When the pressure becomes great 
enough to start forming the bead, the 
material on both sides of the bead is 
held to the block so that most of the 
stretching occurs in material within 
the bead. 

In punch and die forming, the 
punch, which corresponds to the form 
block, is grooved. Ridges in the die 
enter the grooving. When the punch 
and die come together, the first con- 
tact with the blank commences to 
form the bead before a holding con- 
tact is established. This stretches and 
distorts adjacent material as far as 
approximately three times bead width. 

When a bead is formed on the side 
opposite to the flanges the effect is 
practically the same as before, al- 
though the recess is in the die and the 
punch protrudes. But the situation is 
changed in rubber forming, since the 
form block must be built up for the 
head. The blank rests on top of the 
built-up part of the block instead of 
on the block’s surface. Since there is 
no holding action the process is similar 
to punch-and-die forming. 

In many instances of rubber form- 
ing, the pad alone does not exert 
enough force for complete forming. A 
steel pressure plate, built up where 
flanged holes and beads are to be 
formed, is then employed. It rests on 
top of the aluminum alloy blank that 
is to be formed, and the forming 
action is similar to that in a punch 
and die. 

Pressing of the metal into the groove 
on the block is facilitated by using a 
generous value for the radius R. in 
Fig. 1. It is not sufficient to use the 
least radius to which the metal will 
form. It is rather a matter of improv- 
ing the flow from the flat to the bead 
shape. 

Distortion of metal at the end of the 
bead sometimes causes trouble in the 
form of “oil-canning” and warping. 
This condition is especially bad when 
the bead ends near an unflanged edge 
of the part. The condition is aggra- 


Fig. 3--Lengthwise section through one 
end of a bead. 


Fig. 4—Standard dimensioning for a 
bead formed in the direction opposite 
to the flanges. 
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things will happen during forming: de 
The bead may not form completely, § % 
if the pressure is sufficient, the form. § St 
ing may be completed by drawing f P 
severely upon the adjacent materia] ca 
to make up for the lack of stretch ip th 
the material within the flat width of th 
the bead; the metal may fracture jn | 
i ae Bead and flange the bead. th 
A good design elongation is 12 per. = 
J cent. Such a bead can easily be formed . 
re] by rubber in 24S-0O, aluminum, and sil 
can usually be formed in 24S-T when - 
a pressure plate is used. Elongations . 
up to 16 percent are possible on the : 
Two beads, end to side basis of experience; more may be fre 


possible with certain kinds of tooling. 
However, even beads with 16 percent pr 
elongation must be furnished by hand 
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Chass F Applies when material is annealed, when when formed with the rubber pad. di 

bead is formed on same side of sheet as flanges, s | otl 
and when forming is done by rubber pad. Unless A system of bead dimensions pub- 

these conditions are met, Class T applies. D= dpt ol oros, lished in Aero Digest in March, 1942, = 

gave depth and radii in terms of a be 

parameter K: rs 

Fig. 5—Standard clearances between beads and flanges and between two flanges. = 

D = 3K, R. = 13K, W = 23K (6) k 

This system calls for almost 16 per- cu 

| cent elongation. m 

| t- The following proportions for bead va 

BONS SONN! dimensions, developed by the author, cr 
Elongation beads require a little less than 11 percent 

Ri elongation: sic 

—_ D iak dr 

R2 a Rı = 2D, R = 4D, W =2 VD M, 

Let 100E = Percent of elongation I 

Rs=R,+R,,Rg=x-D A disadvantage in designing beads sh 

Then €= —¥__ arccos(t-1)-| for low elongation is that the width fe 

V2x-l becomes so great for the deeper beads ca 

that it is often difficult to incorporate th 

the bead into the design of the part. in 

Eleven percent is a good compromise he 

between usable value and formability. to 
When necessary, however, it is per- 

missible to go as high as 16 percent to It 

hold width of the head down to a ur 

usable value. & 

The elongation will determine R, tic 

only, not the separate values of R, ov 

and R. In choosing these, R, should de 

Fig. 6—Graphical method of determining elongation of metal in formed head. be larger than R., and R, should be al 

about twice the minimum bend radius W 

for the thickest material in which the gr 

vated when the part is cold-water Design Criteria bead is to be formed. The proportions st 

quenched after heat-treatment. The given in Equation (7) are favorable. lo 
trouble can usually be prevented or at Design considerations are of two A good design figure for end radius 
least alleviated by using a large end kinds: Design of the bead itself and is R; = 12D, but if milling cutters 

radius in the bead, as in Fig. 3. This design of sheet metal parts with rela- are not available in this size, Rs = In 

end radius, R;, depends on the di- tion to other formed features of the 9D can be used, or any larger radius. cl 

ameter of the milling cutter used to part. The criteria set forth here are Use of the dimensioning system of on 

cut the groove in the block. When somewhat arbitrary, and are set up on Figs. 1, 3 and 4 avoids variation in at 
designing beads it is well to consider the basis of manufacturing desir- tooling dimensions with stock thick- 
the available cutters. If an ordinary ability. These criteria may be violated ness since the reference dimension W 
convex cutter is used to mill the groove when the reasons for doing so warrant is computed from the depth and the 

to the radius R,, the radii R: will have incieased care in manufacture. radii. 

to be added afterwards. It is better to Elongation is one of the most im- In designing sheet metal parts with 

procure a special cutter ground so as portant considerations in bead design. beads it is necessary first to decide on el 

to mill the finished cross-sectional If the shape of the bead demands more which side of the sheet, with respect to w 

shape of the bead in one operation. elongation than the metal will give, the flanges, the beads will be formed. Ww 
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Shop considerations show that it is 
desirable to have the beads on the 
same side as the flanges. However, 
structural considerations, assembly 
problems and service requirements oc- 
casionally make it necessary to form 
the beads in the opposite direction to 
the flanges. 

It is desirable to have flanges at 
the edges of a part near which beads 
end. Even if a flange is not needed for 
attachment purposes it is usually pos- 
sible to add a narrow stiffening flange 
to prevent distortion. In extreme cases 
this extra flange can be cut off after 
forming, but this is not desirable. 
Sometimes removal of the flange sets 
free the distortion it was designed to 
prevent. 

It is also necessary to consider the 
distance separating beads from each 
other and from flanged holes and 
flanged edges of the part. Fig 5 shows 
various conditions and clearance di- 
mensions and gives desirable minima 
for these clearances, expressed as mul- 
tiples of depth D. These minima can 
be violated, but manufacturing diffi- 
culties are increased. If beads require 
more than 12 percent elongation, the 
values given in Fig. 5 should be in- 
creased wherever possible. 

Drafting practice has been to dimen- 
sion the sections of beads on each 
drawing. A better procedure is to set 
up a design standard for beads, which 
shows all dimensions of as many dif- 
ferent depths as desired. A standard 
call-out can be indicated, coded for 
the various depths. On a detail draw- 
ing for a part, except for locating 
bead ends, only the call-out is needed 
to describe the bead. 

This method has two advantages: 
It saves drafting time and it insures 
uniformity. In setting up the stand- 
ard, the proportions given by Equa- 
tion (7) should be used. For beads 
over 0.15 in. in depth, it may prove 
desirable to include a properly coded 
alternate form in the standard. which 
would have a smaller width W for a 
given depth. Proportions for these 
standard bead dimensions might fol- 
low this system: 


Rı=1}D,R = D,W=4D_ (8) 


Instructions to draftsmen would make 
clear that narrower beads be used 
only when functional design consider- 
ations made them necessary. 


Mathematical Note on 
Elongation 


Equation (5), which shows the unit 
elongation required to stretch the flat 
width W of a bead to its curved 
width, can be reduced to an equation 


in one variable by 
parameter x: 


introducing a 


R. = zD 9 
Le F=E +1. Then: 
E(z) = —— cos (1 S =)- 1 (10 
vV2z — 1 s 
and 


F(z) = Pe cos”! ¢ -- 3 ) (11 
—  VQe — 1 x 


Equation (10) is useful for graphing. 
as in Fig. 6. To determine elongation 
on the graph, given bead proportions, 
compute x from Equation (9) and 
apply on Fig. 6. In determining bead 
proportions, choose the desired elon- 
gation, find x from the graph and then 
compute R, for any depth D. 

Write F(x) as the product of two 
functions G(x) and H(x) where 


G(x) = ae , H(z) = cos"! ¢ — =) 
.V2z — 1 @ rz 
(12) 
Obviously, Hm H (x) = 0. By using 
r-> œo 


L'’Hôpital’s theorem, 


lim lim 1 
spa — z->œ (2x — 1)-* ie 
= H(z) 
Write F(x) = /G(a) and the 
result is the indeterminate form T 
Using L’Hôpital’s theorem again 
d 
i . 3 As) 
lim F(z) = lim dz 
I—> 0 +) = rao d 1 
dz G(z) 





À 


But Č H(z -| = ] ; 
dx V 2x Fm L/zx T 











k i 
xz V2z — 1 
hoe, zt+l 
an}! — — = — 
dx G T) x? V2r — 1 
Thus 
lim _ lim a lim 1 
F t) = —_ = — = l 
t-> æ rær + |l z->œ l 
Using L’Hôpital’s theorem a second 
t.me 
lir A 
im E | mi 
T-> co 
D 
4 ( =U . 
lea E(x) ( 13 


The function F(x) is impossible for 


x < 1, for then 1 — 1/x > 1, and 
no real angle can have a cosine greater 
than 1. Also, for x < %, V2x — 1 
becomes imaginary. However, refer- 
ence to Fig. 1 shows that x = 1 is 
the least value of x that has any 
meaning. At x = 1, E = x/2 — 1, or 


bo 
$ 


about 57 percent. When x = E 
is about 21 percent. The value x = 
314 gives the favorable elongation of 
11% percent. 
By substituting (9) in (1): 

W = 2DV2z — 1 (14) 
This equation indicates that the ex- 
pression \/2x — 1, which occurs 
above, has real meaning as the half- 
width for unit depth. 





Painting Camouflage on Helmets 


Plastic helmets are sprayed with 
camouflage colors at the Westing- 
house Micarta Works by means of 
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shields with variegated perforations. 
Each shield has different perforations 
to achieve various effects. 
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Measurement of Stresses 


In Parts and Structures 


RUSSELL G. ANDERSON 


Engineer in Charge of Stress Analysis, Product Development Division, 
Aluminum Company of America, Cleveland, Ohio 


Strain measurement gages serve for complete study of highly concen- 


trated stresses 


in structures. 


Various types of gages and their 


respective uses for investigation of concentrated stresses are reviewed. 


HE brittle lacquer method for 

determining stress distribution 

and the directions of principal 
stresses in a loaded member gives 
quantitative results that are quite sat- 
isfactory, but it is extremely difficult 
to obtain by this method the strain at 
points where the stresses are highly 
concentrated. Usually some type of 
strain measurement gage must be 
used for determining such high static 
stresses quantitatively. 

In addition to furnishing stress data, 
the brittle lacquer method, which was 
described in Propuct ENGINEERING, 
October, 1943, has considerable value 
in directing the attention of the inves- 


Fig. 1—A 1/16 in. gage length General Motors Research 


tigator to regions in the structure 
where® strains are of high order and 
merit additional study and analysis. 

At normal temperatures, if the 
length over which the material is 
stressed is enough to permit a half- 
inch or greater gage length, the Hug- 
genberger type of strain gage can be 
used. For shorter gage lengths, down 
to vs in., the photoelectric strain gage 
shown in Fig. 1, developed by the Re- 
search Laboratories of General Motors 
Corporation, can be used. 

Resistance wire strain gages, similar 
to Baldwin Southward SR4, see Fig. 
2. are used where mechanical type 
strain gages cannot be applied or 


where measurements must be made at 
elevated temperatures. For tests at 
room temperature, a Duco-type ce. 
ment is used to fasten the wire strain 
gage to the surface on which the 
measurements are to be taken. For 
tests at elevated temperatures, the 
gage can be fastened with either Bake. 
lite BC-6035 thermal-setting cement or 
Paragon Cylback Baking Enamel. 
Resistance wire gages are practical 
for gage lengths as short as 1⁄4 in 
Strain gages of the resistance wir 
type with gage length shorter than 4 
in. are undergoing development at the 
present time. When making strain 
measurement with resistance wire 


Fig. 2—Resistance wire strain gages cemented to crankcase section, 


Division extensometer mounted in fillet and Huggen- 14 in. gauge length gages mounted parallel to principal strain and 


berger extensometer mounted in gage length of test bar. 
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i4 in. gage length gage mounted at right angles to principal stra. 


e 9 
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Bridge for 
measuring 
strain 


Precision 
hydraulic gage 


High pressure 


PYArALU 


9 


C Dump 


Fig. 3—-Set-up of radial engine for strain measurements using hydraulic pressure to simulate ex- 
plosion pressure. This set-up can be used with either strain gages or brittle lacquer coatings. 


gages at elevated temperature errors 
can be kept within plus or minus 5 
percent by means of proper calibra- 
tion and temperature compensation in 
the bridge circuit. This is done by 
using two resistance gages, one in each 
arm as shown in Fig. 4. One of the 
gages is cemented to the member and 
the other is freely mounted so that 
both gages will attain approximately 
the same temperature but only one 
will be strained. 

A detailed description of various 
types of strain gages and their opera- 
tion is contained in the paper, “Meth- 
ods of Stress Determination in Engine 
Parts” by Charles Lipson, presented 
at the 1943 annual meeting of the 
Society of Automotive Engineers and 
published in the April, 1943 number 
of the S.A.E. Journal. 

With the directions of principal 
strains known, as revealed by the 
brittle lacquer or Stresscoat test, only 
two strain gage measurements, one 
parallel e, to the principal strain and 
one at right angles ¢, to it, are re- 


quired. For such measurements. the 


Propuct ENGINEERING 


NOVEMBER, 


Fig. 4--Schematic diagram of bridge 
circuit showing gage A which is strained 
and the unstrained loosely mounted 
gage B which is for temperature com- 
pensation, 


Fig. 5 Formulas for calculating stress 
resulting from biaxial strain. 


1943 


Strain gages 
A B 


formula for calculating the stress is 
as illustrated in Fig. 5. 


i E 
Sp = i sil o T nG 
— p 
i E 
te S — 1 GT BG 
-p 


In this formula E is the modulus of 
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elasticity, 10,000,000 lbs. per sq. in. 
(average) for aluminum, and yp is 
Poisson’s ratio,—0.33 for aluminum. 
The maximum shear stress follows 
from a known relationship: 
S, a S, 
r 


T 
maz ~~ 


If the direction of principal stress 
is not known, at least three measure- 
ments of strain must be made at angles 
with each other and the stress com- 
putations become relatively compli- 
cated. This difficulty is avoided when 


the brittle lacquer test method is first 
used to reveal the stress distribution 
and the directions of principal strain. 

Frequently, considerable informa- 
tion is revealed by taking successive 
strain gage readings at successively in- 
creased loadings, and plotting stress- 
load curves from the data thus ob- 
tained. It may be found that even at 
relatively low loads, the yield strength 
of the material has been reached in 
some region of the structure. At some 
of the points the stresses might cease 
te increase appreciably with increas- 


Table I—Typical Tensile Properties of Aluminum Alloys at 
Elevated Temperatures After Prolonged Heating 
At Testing Temperature 


PROPERTY 


Tensile strength, lb./sq.in. 
Yield strength, lb./sq.in. 
Elongation in 2 in., % 


Tensile strength, lb./sq.in. 
Yield strength, lb./sq.in. 


Elongation in 2 in., % 


3S-1/2H 


Tensile strength, lb. /sq.in. 
Yield strength, lb. /sq.in. 
Elongation in 2 in., % 


Tensile strength, lb./sq.in. 
Yield strength, lb./sq.in. 
Elongation in 2 in., % 


Tensile strength, lb./sq.in. 
Yield strength, |b./sq.in. 
Elongation in 2 in., % 


4S-1/2H 


Tensile strength, |b. /sq.in. 
Yield strength, |b. /sq.in. 
Elongation in 2 in., % 


4S-H 


Tensile strength, lb. /sq.in. 
Yield strength, |b. /sq.in. 
Elongation in 2 in., % 


Tensile strength, lb./sq.in. 
Yield strength, |b. /sq.in. 
Elongation in 2 in., % 


Tensile strength, lb./sq.in. 
Yield strength, lb. /sq.in. 


Elongation in 2 in., % 


Tensile strength, lb./sq.in. 
52S-3/4H Yield strength, lb./sq.in. 
Elongation in 2 in., % 


Tensile strength, |b./sq.in. 
Yield strength, Ib. /sq.in. 
Elongation in 2 in., % 


53S-T 


Tensile strength, lb. /sq.in. 
Yield strength, lb./sq.in. 
Elongation in 2 in., % 


Tensile strength, lb./sq.in. 
Yield strength, lb./sq.in. 
Elongation in 2 in., % 


Tensile strength, lb. /sq.in. 
Yield strength, lb./sq.in. 
Elongation in 2 in., % 


356-T4 


1 Special purpose alloy. 
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75°F. 300°F. 
16,000 11,000 
6,000 5,000 

40 47 


21,000 18,000 
18,000 15,000 
16 17 


29.000 23,000 
25,000 16,000 
10 12 


26,000 22,500 
10,000 10,000 
25 36 


34,000 26,000 
27,000 19,000 
12 20 


40,000 
34,000 
6 


32,000 
22,000 
14 


60,000 40,000 
37,000 33,500 
22 16 


65,000 40,000 
50,000 32,000 
11 17 
29,000 23,000 
14,000 
30 


39,000 
34,000 
10 


39,000 25,000 
33,000 22,000 
20 17 


31,000 
16,000 
8 


24,000 
13,000 
9 


25,000 
12,000 
9 


28,000 21,000 
16,000 15,000 
6 T 


23,000 
15,000 
7 


400°F. 


8,000 
4,500 
50 


14,000 
9,000 
22 


17,000 
8,000 
15 


15,000 
8,500 
60 


21,000 
10,500 
30 


23,000 
9,500 
27 


25,000 
20,000 
25 


17,000 
12,000 
30 


18,000 
11,000 
65 


25,000 
11,000 
35 


13,000 
10,000 
30 


15,000 
9,000 
20 


18,500 
12,500 
9 


13,000 
9,000 
8 


500°F. 


5,500 
3,500 
60 


10,500 
5,000 


25 


10,500 
5,000 


25 


10,500 
7,000 
85 


13,000 
5,000 
60 


11,500 
5,000 
70 


13,000 
9,500 
35 


7,000 
4,500 
60 


12,000 
8,000 
100 


12,000 
8,000 
80 


6,000 
3,500 
70 


9,500 
6,000 
25 


13,500 
8,000 
12 


8,000 
5,500 
20 


600°F. 


ing load after a certain load has bee, 
reached even though the stresses a 
these points are below the yield 
strength as a result of yielding at 
other points. Consequently, the stregs. 
load curves at different points in q 
structure may have no correlation, 

After the maximum stresses devel. 
oped at maximum load have been de. 
termined, it is necessary to establish 
whether or not the metal can carry 
these stresses safely under severest op. 
erating conditions. One of the operat. 
ing conditions that materially affects 
the load carrying capacity of a metal 
is temperature. 

Another condition is the range of 
stress and the number of stress cycles 
to which the material will be subjected 
during the life of the structure. 


Stress Cycles 


The temperature of the aluminum 
during operation of the engine can hf 
estimated by the temperature-time. 
hardness method which will be 
described in the next issue of Propuer 
ENGINEERING. The number of stress 
cycles to which the material will be 
subjected can be calculated on the 
basis of the expected total revolutions 
of the engine during its useful life f 
For pistons, cylinder head, and simi-f 
lar parts on four-cycle engines, the} 
number of stress cycles are one half 
the number of revolutions. For aff 
crankcase where the stress may hf 
set up as of the first order the stress 
cycles will be equal to the number oi f 
revolutions of the crankshaft. Where 
the stresses are set up at a highe f 
order, the cycles of stress will be the $ 
number of the order times the engine 
r.p.m. The magnitude of the stresses 
is determined by methods already 
mentioned. 

Having determined the maximum 
stresses, the range of cyclic stresses, 
the temperature throughout the mate 
rial and the number of cycles of op 
eration, it is then necessary to estab 
lish whether or not the stresses are 
within the safe working limits of the 
material. 

For static loading, it is relatively 
simple to determine the safe allow 
able working stress. These data are 
obtainable from tables of mechanical 
properties at room temperature and 
at elevated temperatures. Table I is 
taken from the booklet “Structural 
Aluminum Handbook.” Similar tables 
in that booklet cover the principal 
alloys in their various forms. 

It is relatively complicated to deter 
mine the allowable stress when the 
part is subjected to repeated loading. 
Fatigue strength values as determin 
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Typical rotating beam 
fatigue curve for heat-treated 
cast aluminum alloy 355-T 71 
Subjected to complete reversal 
of stress at room temperature 






























Fig. 6—Typical rotating beam fatigue curve for heat-treated 
cast aluminum alloy 355-T71 subjected to complete reversal 
of stress at room temperature. 
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VO=Endurance limit 

at room temperature 
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Fig. 8—Modified Goodman diagram of fatigue strengths of an 
aluminum alloy at elevated temperatures for a given number 
of cycles. Endurance limits are plotted on the “Y” axis. 
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Fig. 7—Modified Goodman diagram of fatigue strengths of an 
aluminum alloy at room temperature for a given number of 
cycles. Notations indicate method of construction. 
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Fig. 9—Modified Goodman diagram of fatigue strengths of an 
aluminum alloy at a given temperature for various numbers of 
cycles. Ultimate tensile strength point is a single value. 




































by the usual laboratory tests cannot be 
used directly because such tests are 
conducted on carefully prepared speci- 
mens which have been accurately 
machined and polished to an excep- 
tionally smooth surface, the final pol- 
ishing being done in a longitudinal 
direction. Hence, there is little possi- 
bility of such specimens having cir- 
cumferential grooves or scratches that 
might serve as surface stress raisers. 
In Fig. 6 is shown an S-N curve for a 
cast and heat-treated aluminum alloy 
as determined with a polished speci- 
men, 

Every commercially prepared sur- 
face contains innumerable irregulari- 
ties which cause varying degrees of 
stress concentration. The degree of 


strength reduction resulting from such 
stress concentration depends on 
whether the part was produced as a 
stamping, forging, casting or extru- 
sion, and also depends on the method 
by which the surface finish was pro- 
duced, that is, machined, ground, 
honed, or lapped. The factor for stress 
concentration, ranging between 1 and 
4 for normal surfaces such as de- 
scribed, will also be different for the 
various materials including aluminum 
alloys. 

Stress concentration may result 
from numerous other causes, many of 
which are discussed in the book “Pre- 
vention of Fatigue of Metals” edited 
by Battele Memorial Institute, pub- 
lished by John Wiley & Sons. Factors 
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of stress concentration for holes, in- 
adequate fillets, and similar design 
features can be found in the book 
“Formulas for Stress and Strain” by 
Raymond J. Roark, published by Mc- 
Graw-Hill Book Company. 


Diagram Construction 


The nominal allowable cyclic work- 
ing strength at room temperature can 
be obtained from a modified form of 
the Goodman diagram such as shown 
in Fig. 7. The method of constructing 
this diagram is indicated by the nota- 
tions in the figure. The data needed 
for its construction are the ultimate 
tensile strength, the endurance limit, 
or fatigue strength for reversed bend- 
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ing or direct stress and the yield 
strength in tension and compression. 
all at room temperature. The diagram 
constructed with these data will enable 
the designer to determine the nominal 
maximum allowable fatigue stress for 
the material at room temperature un- 
der the load conditions to which the 
material will be subjected in service. 
The figure obtained from this dia- 
gram must then be corrected for stress 
concentration. 

The modified Goodman diagram can 
also be constructed for determining 
the allowable fatigue stress at ele- 
vated temperatures as indicated in Fig. 
8. Such a diagram is constructed from 
data similar to that required for the 
construction of the diagram for stress 
at room temperature. The point repre- 
senting the ultimate tensile strength at 
the elevated temperature is always lo- 
cated on the line labeled “Mean 
Stress.” The endurance limits as de- 
termined by the rotating beam test for 
various elevated temperatures are 
plotted on the “Y” axis. 

A modified Goodman diagram for 
obtaining the fatigue strength at vari- 
ous numbers of cycles is shown in Fig. 
9. This plot is similar to the diagram 
for elevated temperature with the ex- 
ception that the point representing 
ultimate tensile strength is a single 
value. 

The endurance limit of most mate- 
rial, in general, has been based on the 
rotating beam type of fatigue test 
where a round specimen is deflected 
as a cantilever beam. In both of these 
tests, it is the outer fiber which is 
the most highly stressed. 

Stress ranges other than complete 
reversal are obtained in direct stress 
type of fatigue tests. In these tests, 
the stress is uniformly distributed 
over the cross section of the specimen. 





In. 


For the same material, the endurance 
limit obtained by the direct stress test 
is somewhat lower than that obtained 
by the rotating beam method. By the 
use of the direct stress fatigue testing 
machine, it is possible to conduct tests 
at various stress ratios whereas the 
rotating beam test is confined to tests 
in which complete reversal of stress 
takes place during each revolution of 
specimen. In Fig. 10 is shown the 
fatigue strength obtained from both 
the rotating beam and direct stress 
tests upon the same material. 

By means of the direct stress fatigue 
testing machine it is possible to deter- 
mine the shape of the modified Good- 
man diagram. The shape of the dia- 
gram is for aluminum alloys, other 
material may or may not have a 
similar diagram. While the stress 
cycles imposed by the rotating beam 
fatigue testing machine approach 
those developed in rotating shafts of 
machines, the stress cycles imposed 
by the direct stress fatigue testing ma- 
chine follow more nearly those most 
prevalent in the majority of machine 
parts. This is especially true for large 
size specimens. 

After the temperature of the metal 
is known, it is possible to obtain an 
estimate of the allowable fatigue stress 
from the modified Goodman diagram. 
If this stress is sufficiently higher than 
the peak stress as indicated by strain 
gage measurements or by the brittle 
lacquer method to properly provide 
for stress concentration, the part can 
be considered sufficiently strong. 

Frequently, the investigation of the 
stress distribution in the part will re- 
veal a high stress concentration over 
a limited area. Under such conditions, 
the solution to the problem is not 
found by adding metal, but rather by 
improving stress distribution. Thus a 








Stress in Lb. per Sq 




















Fig. 10—S-N curves of 355-T6 alloy resulting from two methods of fatigue testing. 
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Fig. 11 — Sketch of section through 
cylinder head showing location of stress 
concentration in jacket caused by the 
pressure in cylinder. Stress concentra 
tion can be set at this point by a dif- 
ference in temperature between jacket 
and head proper. 


high surface stress is likely to occur 
at the top of a rib which is tapered 
to a narrow section. The solution for 
such a condition is to reduce the 
height of the rib by cutting away the 
highly-stressed metal. This redistri- 
butes the stress. The portion of the 
load formerly carried by the highly- 
stressed metal will then be distributed 
over a relatively much larger area. Re- 4 
moving a slight amount of metal on | 
the top of a rib may decrease the high- 
surface stress considerably. 

Stress concentrations are also 
caused by the transfer of load from | 
one section to another. Thus, the fail- 
ure of the cylinder head shown in Fig. 
ll was caused primarily by the load 
transferred to the jacket from the 
head proper. The slight deflection of 
the material in the head produced 
high strains in the jacket, thus creat 
ing the region of stress concentration. | 

The final step in a complete inves | 
tigation of the design of any machine 
or element is to determine whether 
or not the parts will function satisfac- 
torily under operating conditions. For 
such investigations, it is the usual 
practice to conduct stress, deflection, 
and service lift tests under loads higher 
than those encountered in the actual 
operation of the machine. This enables 
the investigator to obtain the needed 
information in much shorter time. The 
results of such accelerated tests are 
translated into corresponding values 
for normal operation. 
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CASTINGS 


For PRESENT and POST-WAR PRODUCTS 


An editorial survey of expanding possibilities of cast 
steel as affected by wartime developments in materials 
and by advances in foundry methods and engineering 
techniques that have improved structure, dimensional 


tolerances, and service qualities of steel castings. 
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X-RAY INSPECTION 


® Method of detecting internal flaws, 


now used by all progressive steel 


foundries, assures delivery of cast- ` 


ings free of internal defects such as 
porosity, blow-holes, shrinkage cracks 
and inclusions. 

Most powerful tool and guide for 


foundry engineers in developing im- 


proved foundry methods and controls, 


by which consistantly higher quality 
castings are produced economically. 

Radium and gamma-ray inspection, 
which are used similarly to obtain 
pictures of internal qualities of cast- 
ings, usually supplement X-ray equip- 


ment for heaviest sections. 





SURFACE INSPECTION >+ 


MAGNAFLUX, MAGNAGLO, and ZYGLO are methods for detecting hairline cracks 


in casting surfaces by observing their effect on magnetic powders or radio-active salts 


dispersed over casting surfaces. Castings free of these surface defects, at which fatigue 


failures may start, are assured by all progressive steel foundries using these methods. 
As powerful tools for foundry engineers, these inspection methods have also con- 
tributed to the improvement of casting methods and foundry practices that avoid 
surface flaws in production. 
Magnaflux takes advantage of magnetic properties of steel castings and the effect 
of surface cracks on configuration of 
iron powder sprinkled on the casting 
surface. Magnaglo method makes the 
particles fluorescent and more easily 
visible. Zyglo inspection is used on 
non-magnetic steels. Fluorescent salts 
in penetrating oil remain in cracks 
after drying surface oil and glow un- 


der ultraviolet light. 


mt inspection methods the designer has positive assurance 
ihe soundness of castings, whether of plain carbon or alloy steel. 
n added “factor of safety” is necessary to offset possible ae 
ef unknown internal or surface flaws. The same “factors of pecan ete a 
used for forgings or rolled steel. 








IMPROVED MOLDING METHODS 
















MOLDING SAND. Improved molding sands, such 
as cement-bonded sand and calcined clay, are com- 
ing into use along with better equipment for mixing 
sand and mulling. These advances result in cleaner 
casting surfaces with no sand inclusions. Laboratory 
control of sand holds quality within desired results. 
Large savings in cost of core and mold facing sand, 
as well as solution of transportation, handling, and 
disposal problems, are advantages of a new method 


of reclamation. 


Mold sand is renewed faster and more efficiently 
in this new type muller — Courtesy Beardsley 
and Piper. 


Core sand can now be reconditioned in newly 
developed equipment — Courtesy Link-Belt Co. 


MOLDING METHODS AND MACHINES. Sand 
slingers, now in much wider use as a result of the 
war, packs molding sand with uniform density and 
makes ramming unnecessary. [Improvements in mold 
drying, such as a recently announced infra-red heat 
method, also make for faster production and better 


castings of more uniform quality. 


FURNACES that improve steel quality, speed melt- 
ing, and simplify casting procedure have contrib- 
uted to commercial-scale production of superior 
castings. Side blow converters have multiplied, 
with a trend to larger sizes, and converter steel 
has so greatly improved that it is likely to be 
placed in good standing among steel-making 
methods for castings. Combined with the cupola 
and electric furnace the Triplex process enables 
continuous pouring, improves steel quality, and 


economizes in electric power. 


CONTROLS, both metallurgical and automatic 
instruments, and other scientific methods improve 
all steel-making methods. Spectographic analysis 
has been developed for quick examination of steels 


before pouring. 
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i Less Machining and Faster Cutting 
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at è The dense homogeneous structure of today’s 
er f quality steel castings results in smoother ma- 


chined surfaces free of pits and blow holes. 





% Warpage is negligible in even the most com- 
- plicated castings now produced and thus re- 
d, duces allowances for finish and the amount 
el of machining required. 
ye 

i a Planing a group of cast steel machine parts. 
g Surface scale has been largely eliminated on 
la g present quality steel castings, and surfaces 
sS Ẹ are relatively free from hard spots, so that 
d cutting speeds can be faster. 
ic P Close dimensional tolerances often make it 
e — possible to eliminate machining on some 
is Ẹ surfaces. Special casting processes for tol- 
ls 


erances as close as a few thousandths have 


been adapted to small steel castings. 
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AVERAGE PHYSICAL PROPERTIES HEAT-TREATED CARBON STEEL CASTINGS AFTER 
WATER-QUENCHING FROM 1525°F. AND DRAWN AS SHOWN * 
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* Restricted to 1 /2-in. max. section. DRAW TEMPERATURE °F. 


® Quench-hardening is one of the most far-reach- have resorted to quench-hardening of lower alloy 
ing developments in producing steel castings. steels, thereby achieving strengths comparable to 
SCARCITY of alloying elements compelled those of higher alloy content, which had only 


drastic reductions of alloy percentages (NE steels). been annealed. 


To compensate for loss in physicals, steel foundries Heat-treating furnaces with controlled atmos. 


pheres, automatic temperature control 
to close limits, and specially designed 
quench tanks or jet-quenching meth- 
ods enable utilization of heat-treating 
techniques not possible with older 
equipment. Castings superior in 
strength and surfaces have resulted. 
Continuous type forced convection 
furnace for large scale production of 
large parts requiring different tem- 
peratures at different points within 
10 deg. accuracy is another recent 
development. Even refrigerated air 
quench is being used, for example, to 
reduce temperatures of thin sections 


to black heat in 30 sec. 


Quench tanks as large as the furnace hearth enable quenching 


a ae oe 
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oy AUTOMATIC FLAME AND INDUCTION METHODS 
to @ Automatic flame-hardening, sometimes referred than automatically controlled equipment. 
ily to as the Shorter process, consists in mechanical Induction-hardening is accomplished with heat 
application of oxy-acetylene flames, followed by induced by electric high-frequency generators, the 
a quench by water jets. While flame-hardening is also section to be heated being surrounded by coils 
rol accomplished by skilled operators with manual carrying heavy induction current under close con- 
ed equipment on simple surfaces it is less satisfactory trol by automatic timing. 
th- t 
ng 
er 
t 
in 
d. 
on 
of 
ADVANTAGES 
m- 
À l. Heat is developed only in areas requir- 
m ing localized hardening. 
nt 
À 2. Heat can be closely controlled to depth 
” desired. 
to 





3. High rate of production. 






4. Uniform hardening for all parts. 


5. Economy of heat-treatment. 






6. High carbon steel can be used without 





adverse effect on unheat-treated sections. 







7. Practically no scale is formed. 


8. Warpage and deformation are slight or 






non-existant. 






9. Allows hardening after machining with 






only finish machining or grinding after 






hardening. 








APPLICATIONS 





Gears, cams, brake drums, cast crank shafts, 


and surfaces subjected to wear on castings 


of all kinds. 






AY TAT ITS POST-WAR POSSIBILITIES 































® War secrecy prevents publication of any details EFFECT OF LIQUID QUENCH ON LOW-TEMPERATURE CI 
STRENGTH OF NE 8630 STEEL : 








of composition, heat-treatment, and properties of 































. CEE 
steels developed specially for cast gun turrets, hulls fm aiaia TTT] fae 
J 2 te 
and other protective castings for military tanks and : ttt HHH R = 
1 40 Liquid quenched and tempered eT 4 co) 
other war purposes. š kki d eres on 
AH |: 
LOW-TEMPERATURE PROPERTIES OF CAST STEELS ; rá A a i 
eee." Tati * ea a 5 20 tra A i an 
~ | 10 6, 069 Me, Joas Gam wm, = |-+-++++T et | yt MI] ys 
{Cee eee 
Test temperature, deg. F. 68 —114 68 —114 T me 
Tensile strength, lb. per sq. k 68,000 | 74,000 85,000 | 89,000 ° 3o00 -aso -200 E A +0 +0 k ar 
Yield point, lb. per sq. in. 51,000 | 52,000 50,000 54,000 el 
Percent elongation in 2 in. 37 38 32 32 
P ducti ares 5 í d i 
ies psa 2 n S E Cast armor, the joint accomplishment of the U. S. Ẹ P! 


= = Army and Navy Ordnance Department and a group f êt 
0.35 C neiš Water 0.35 C, 3.50 Ni. Water i 


quenched at 1,550 deg., | quenched at 1,450 deg., representing the leading authorities in foundry $ ce 


drawn at 1,000 deg. F. | drawn at 1,000 deg. F. s , i +1: 
ae ae e —e "er techniques and metallurgy, is the most striking 







Analysis and heat 
treatment 


Test temp., deg. 














70 —50 70 —50 wartime development in the steel foundry industry. FF 
Charpy V-notch 80 20 100 96 (See P.E. Aug. 1941, p. 396). a 
Analysis aes Ekaa ne a Swen a E ibe ae 0.30 C. C, 1.60 Mn, 0.40 Si, + Ti i 

Taone 2 pain FEATURES i 
SD I Rt Oe 97,000 lb. per sq. in. a i — à nii 
RENN a anna aa A 72,000 lb. per sq. in. Superior ballistic properties of cast steel armor indicate 
o E A 43,000 lb. per sq. in. a cast steel material possessing : 


O a aaa A 26 percent in 2 in. 


J ile strengt 
Reduction of area Unusual tens l ng h 


(ha nba wea was haetnk whee 56 percent 
a oo —— Highest resistance to shock loads 
Test temperature, deg. F.| 80 | 60 | 35 | 15 0 | -25 |—45 | —60 r ° 

: Relatively higher hardness 


Izod impact values 49 |} 42] 37 | 28] 25] 17 | 12 7 Extreme toughness ; 














Machinability and weldability 
Much lower alloy content than former armor steels 


Cast steel turrets and transmission housings are used on M-4 tanks 
— Courtesy Fisher Body Company. POSSIBLE POST-WAR APPLICATIONS 


.— aa P SO) fe Nee Railroad equipment castings 


Heavy-duty cast gears 
High-strength machinery castings 
Parts for construction machinery . 


Expansion of castings applications to parts formerly 
requiring other types of construction. 


Machine tool parts such as cams and gears. 


Low-temperature steels for chemical and oil refinery 
applications, valves and fittings, down to — 150 deg. F. 
Ductility is practically unchanged, tensile strength is 
slightly improved. Is nearly equivalent to 5 to 6 

percent nickel steel. 


ENIN 





| CHARACTERISTICS—Dividing line between cor- 
rosion and heat-resisting high-alloy steels is 900 
Í deg. F. Low-alloy steels give better resistance to 


‘corrosive atmospheres and salt water than plain 


3 


‘carbon steels but for resist- 
ance to corrosive chemicals, 
f nickel in combination with 
chromium in various pro- 
Í portions and with other ele- 
ments and heat-treatments 
Í are required, particularly at 
elevated temperatures. 


Í PROPERTIES—Wide vari- 





FOR CORROSION RESISTANCE 


erties tabulated here. Chromium has the greatest 
influence on corrosion resistance. At high tem- 
peratures other elements such as columbium stabi- 
lize the alloys. Small percentages of chromium are 
effective at normal temper- 
atures and even at high 
temperatures. 


CREEP STRENGTH com- 
bined with desirable duc- 
tility has been developed 
in 25 Cr, 12 Ni steel by 


balancing these two ele- 


;. ments in this alloy, which 
p ation of requirements ne- is on the borderline be- 
y [|e cessitate the present wide tween austenitic and fer- 
g E range of analyses and prop- Corrasion-resistant casting for chemical plant pump. ritic steel. 
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CREEP STRENGTH AND DESIGN VALUES OF HEAT AND CORROSION-RESISTANT STEEL CASTINGS** 
From Metals and Alloys Data Book, (1943), S. 






L. Hoyt, Reinhold Publishing Corporation 








Stress in lb. per sq. in. at given temperatures, Deg. F. 









Property* 





Percent 


1,200 1,400 


1,500 1,600 1,700 








18 
29 
29 


Des. stress 





Des. stress 
Cr. Str. 0.01% 
Cr. Str. 0.10% -—— 9,000 
Cr. Str. 1.0% ——— 10,800 
Cr. Str. 0.01% -—— 7,200 
Cr. Str. 0.10% ——— 9,000 
Cr. Str. 1.0% ——— 10,800 
Des. stress 5,200 3,000 
Des. stress 6,500 3,700 









































6,250 4,200 2,450 
8,760 5,600 3,500 
5,000 3,500 1,750 Scales 








6,250 4,200 2,450 Scales 
8,750 5,600 3,500 Scales 
2,000 1,200 600 300 150 


2,409 1,500 800 500 150 




















Cr. Str. 0.01% ——— 9,000 6,200 5,000 3,000 1,680 600 
Cr. Str. 0.10% ——— 11,250 7,750 6,000 4,200 
Cr. Str. 1.0% ——— 14,600 10,850 8,000 6,000 3,600 1,500 
rly Des. stress 4,400 2,200 1,200 700 400 250 100 
Cr. Str. 0.01% —— 1,000 600 375 250 140 —— 
Cr. Str. 0.10% -— 1,250 750 450 350 200 --— 
ry Cr. Str. 1.0% -_— 1,500 1,050 600 500 300 --- 
F. *Generally accepted design stresses. Creep strengths for percent creep per 1,000 hr. 
is **Published values of stress vary greatly. Some designers permit 100 deg. higher or lower. These values should be used only as a guide. See also ASTM “Creep 


Data”, 




































CASTINGS FOR HIGH aumie 





HIGH-ALLOY STEELS 


@ Maximum temperatures at which load-carrying 
castings can be used has increased several hundred 
degrees. Applications of new alloys in gas turbines, 
turbo-superchargers, furnace parts, and in the re- 
torts employed in producing magnesium are best 
indications of the ability of certain nickel-chromium 
alloys to withstand temperatures ranging from 
1,500 to 2,150 deg. F. 


HIGH-TEMPERATURE STRENGTH of one 
new secret alloy is shown by an elongation of 
1/30 that of 18-8 stainless at 1,500 deg. F. when 
subjected to the same load for the same length 
of time. 

Pidgeon process for reduction of magnesium 


subjects 10 to 11-ft. cylindrical retort, 10-in. 1.D. 







ae ee oe ee ae 


emilee 


rary 


and 1'4-in. walls, to continuous temperature of 
2,150 deg. F. While retorts sometimes collapse 
under vacuum required by process, they can be 
blown up again. Average life is 200 days. Majority 
contain 15 Ni, 28 Cr, but other compositions are 
used also. Retorts are cast centrifugally and have 


welded hemispherical cap at one end. 


SERVICE 


methods are best indication of high-temperature 


RESULTS rather than ordinary tes 


qualities of cast steels. 
APPLICATIONS 


and fixtures, trays, doors, conveyors, containers, 


Metallurgical furnace parts 


burner nozzles, grates, support brackets, and ma. 


chinery operating at high temperatures, valves, 


pumps, 


and gas turbine parts. 


=F] i T 








est f 


ure 


rts 
ars, 
na: 


Jes, 


FNN 




















HEAT-RESISTANT ALLOYSt 


Usual materials for temperatures exceeding 1,200 deg. F. 





A.C-L* ALS.1* Chromium Nickel 
eee Type No. Percent Percent 
HH 309 24.0 to 26.0 11.0 to 13.0** 
HE 312 27.0 to 30.0 8.0 to 11.0 
HT 330 13.0 to 17.0 34.0 to 37.0 
65.0 to 68.0 


HX 15.0 to 19.0 





*Alloy Casting Institute and American Iron and Steel Institute 
+Courtesy Lebanon Steel Foundry 


**A4 tentative A.S.T.M. specification for electric furnace castings 
subjected to temperatures up to 2,000 deg. F., was proposed 
recently by Comm. B-4 for an alloy in this class. 


RANGES OF PHYSICAL PROPERTIES OF HEAT 
RESISTANT ALLOYS AS CAST* 


Brinell 






Tensile Yield Elong. Red. of 





Strength Point in 2 in. Area Hardness 
HH 80,000 40,500 43 56 170 
89,000 41,000 33 27 179 
HE | 96,000 | 47,000 | 23 21 
105,000 62,000 31.5 33 
HT 60,000 49,500 1.5 1.7 165 
75,000 41,000 7.9 8.0 185 
HX 60,000 40,000 10.0 23 167 
70,000 49,000 |: 2.4 188 


*Steel Castings Handbook, 1941 


PROPOSED CREEP AND DESIGN STRESSES 
FOR 25-12 STEEL 

From Metals and Alloys Data Book (1943), S. L. Hoyt, 

Reinhold Publishing Company 





Composition: 23-28 Cr, 10-14 Ni, 1.75 max. Mn, 0.25-0.40 C, 
1.5 max. Si, 0.2 max. N 








1 Percent in Design Stress 
Temperature | 10,000 hr. lb. per sq. in. 
eg. F. lb. per sq. in. for no. yr. service 
1,400 5,200 1,750 8 yr. 
1,950 4yr. 
2,300 2yr. 
1,600 3,000 950 8 yr. 
1,050 4 yr. 
1,250 2 yr. 
1,800 1,600* 500 8 yr. 
560 4 yr. 
660 2 yr. 





*May vary from 500 to 3,500. See Tr. ASM 30, 855 (1942) and 
T.P. 1480, Met. Tech., Aug. 1942. 





LOW-ALLOY STEELS 


® Significant improvement in creep resistance of 
low-alloy steels at temperatures up to 1,000 deg. F. 
has’ been obtained by producing a coarse-grain 
acicular structure (needle-shaped crystals) by 
means of carefully controlled quenches. A cast 
carbon-molybdenum steel proved to be stable at 
950 deg. F. Specimens tested at 1,000 deg. F. under 
loads giving 2.5 percent creep in 100,000 hr. 
showed no signs of breakdown at 2,500 hr. Partial 
analysis: 0.26 C, 0.40 Si, 0.64 Mn, 0.50 Mo, 
other elements less than 0.1 percent each. Similar 
observations on certain nickel-chromium-molyb- 
denum steels suggest further developments in 
making low-alloy steels heat-resistant for applica- 
tions at higher temperatures. 

A series of heat-resisting steels having compara- 
tively low alloy content has been developed for oil 
refinery service. These steels have up to 5 percent 
chromium, | percent molybdenum, and fractional 
percentages of silicon, manganese and other ele- 
ments. Such steels are used at temperatures ranging 
from 900 to 1,500 deg. F. and meet requirements 


for moderate corrosion resistance as well. 


CREEP RATES 
CARBON-MOLYBDENUM STEEL 


At 950 deg. F. with 12,000-lb. load 


Creep rate, percent 


per 100,000 hr. over 


Structure 


500 hr. to 2,000 hr. 
Coarse acicular 
Fine acicular 
Coarse pearlitic 


Fine pearlitic 














A.C.1.* 
Standard 
Designation 





















A.S.T.M. 
Designation 


A157 
m C5A 
Hydraulic Institute 


Other Designations 





om = 


Grade C6 Hydraulic Institute 
rade maes 
Carpenter 
No. 3 


ee Institute 
| ccas | 35 ee No. 2 


U.S. Navy 46527a 
Grade No. 1 Weld 
CF-7C A157 = [SAE No. 30705 |  18.0-21.0 8.0-10.0 0.07 Max. Cb 
Grade C9 
Si re. 20705 Institute 
= No. 3 
E oae OO 
Hydraulic Institute 
A157 Type No. 3 
Grade C9 U.S. E- 468270 18.0-21.0 8.0-10.0 0.07 Max. 
a. ~~~ No. 1 
SAE No. 30905 


ne U.S. ae i 468274 
| cease | | cease | ne c9? ae i No.7 18. | e020 | .0 8. sooo | 0 


KA2SMo. 
Boo. Cie 
Type No. 4 
SSS ee 20109 me 
She Set 


A157 
en mono | vono | onm | | 















































| Worthite ë ăűă | 
Hydraulic Institute 
-o No. 5 


| duPont No. 1364 (FA-20) | No. 1364 (FA-20) 
Hydraulic Institute 28.0-30.0 0.07 Max. 
Type No. 5 


*A.C.I. designations with initial letter “C” indicate alloys generally used to temperatures less than 1,200 deg. F. 
**Courtesy Lebanon Steel Foundry. 






































TYPICAL PHYSICAL PROPERTIES 
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Tensile Strength Yield Point Elongation Reduction 


. $q. in, Ib. sq. in. i of Area 
Ib. sq. in sq. in percent, 2 in. pAn 


110,000 


80,000 16% 


Qo 


100,000 75,000 7% 82 
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200,000 Oil or Air 
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As Required 
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WQ 2,000 F. 


70,000 WQ 2,000 F. 


5 72,000 45 WQ 2,000 F. 
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72,500 40 170 WQ 2,000 F. 


65,000 30,000 WQ 2,000 F. 
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The A.I.S.I. type numbers and SAE specifications cover wrought steel products. 
The A.S.T.M. designations are for cast stainless steel. 
x Abbreviations: N, normalize; D, draw; Q, quench; WQ, water quench. 


Produced in a rotating mold, taking advantage of centrifugal force in filling the mold. 


@ True centrifugal castings have only an outside 
mold surface, the inside being cylindrical and 
shaped only by centrifugal force around a hori- 
zontal axis. Flanged pipe, gun barrels, engine 
cylinder sleeves, and brake drums are examples. 

Semi-centrifugal castings, shaped entirely by 
mold surfaces, are made by rotating symmetrical 
parts in a horizontal plane about their own axis. 
Sheaves, wheels, impeller hubs and castings, 
tapered rollers, electric motor heads, plain and 


bevel gears, with or without teeth, and other parts 


are made this way. 





Bursting strength of centrifugally cast Pratt and Whitney engine 
barrels is 80 percent more than forgings of same material. 





Flywheels for 500-hp. Ford tank engines are cast 
in a centrifuged mold. 


FEATURES — 


1. Opens new fields not possible in the foundry before, such 
as turbo-supercharger casings whose intricate thin sections 
can be more quickly filled. 


. Formerly fabricated parts are cast as a singie unit. 

. Sounder casting structure assured. 

. Higher yield strength obtained. 

. Uniformity of production is increased. 

. Fewer gates, risers, and cores simplify cooling. 

. Maximum qualities achieved by varying rotating speed, 


. Sizes up to several hundred pounds are poured. 


eo onan +} WS NN 


. Often reduces material in part and saves machining. 


CENTRIFUGED CASTINGS. Shapes that are 
not symmetrical, as well as symmetrical parts, are 


being cast by rotating the whole part about the axis f 


of the mold. Balancing is obtained by arranging 


several parts, which are usually small, symmetri. f 


cally around the axis. Often several layers of sym. 
metrically arranged parts can be produced at the 
same time. 


ADAPTATION OF PRESENT FLASK EQUIP. 
MENT to the centrifugal method for certain types 
of castings has been done successfully in some 
plants. Flasks are centered and clamped to a rotat- 
ing table and rotation is usually started after pour- 
ing. Certain difficulties are involved but in some 
instances improvements in castings have resulted. 


PNEUMATIC PRESSURE and VACUUM have 
also been employed to accomplish some of the ad: 
vantages obtained by centrifugal pressures, both in 
static or stationary and centrifugally rotated molds 


Truck and passenger car ring gears, and other types of gears are cast 


centrifugally by Ford Motor Company. 









CENTRIFUGAL STEEL CASTINGS ——————— fi 
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PRECISION CASTINGS 


e A development of the technique used in dental 
and jewelry casting methods. While the changes in 
the process that adapt it to steel castings are a war 
secret the brief description here shows its main 
features and value. Several hundred thousand 
pieces have been produced. Government organized 
and private research are extending its application. 
Precision castings are made either in a centri- 
fuged mold, or a stationary mold by use of pneu- 
matic pressure, vacuum, or a combination of both. 
Precision of 0.002 in. or less is achieved. 


ADVANTAGES — High dimensional accuracy. Elimination 
of most or all machining. 
Unmachinable steels cast to exact final dimensions. 


SIZE — Will be commercially obtainable in castings up to at 
least 15 lb. and lengths up to at least 8 in. Further develop- 
ments have been predicted. 


PROCEDURE - 
1. A multiple piece steel master-mold with a cavity shaped 
to that of part desired is made. 


N 


Cavity is filled with wax or other low temperature melt- 
ing substance, such as thermoplastic. 


3. Master-mold is taken apart and solidified “pattern” is 
obtained. 


4. Plaster of Paris or ceramic is poured around pattern. 


n 


. Pattern material is melted or vaporized out by heat leav- 
ing mold of correct size and shape. 


PERMANENT MOLD CASTINGS 


® Permanent molds are made of high heat-resisting 
steel and are used over and over. Differential ex- 
pansion permits removal of castings. 

FEATURES — High dimensional accuracy . . . Highly eco- 


nomical on quantity production . . . Smooth finish . . . 
Sounder castings. 


Adapted to mass production, particularly in centrifugal 
method. 


Simple outside contour for slipping casting out of mold. 
Fine grain resulting from fast cooling from outside inward. 


CAN BE USED IN MAKING — Conventionally poured cast- 
ings .. . Centrifugal castings . . . Centrifuge castings. 


APPLICATIONS — Engine cylinder liners, pipe gun barrels, 
shell, and other parts of similar shape. 








ore 
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Typical precision castings. 
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ADVANTAGEOUS APPLICATIONS — Parts made of 
metals melting at temperatures too high for die casting. 

Parts presenting great difficulties in forging, rolling, or 
machining. 

Parts too complicated in shape for powder metallurgy. 

Parts dimensionally too exact for forming by ordinary 
casting. 

Typical applications are high temperature au- 
stenitic steel turbine blades for large gas turbines 
and tensile test specimens of exact size without 
machined surfaces that would alter the properties 
of the specimen as cast. 














® Before the casting is detailed consult the 
foundry engineers to make certain of getting: 


1. A design free from possibility of crack 


formation. 


2. A design free from defects resulting from 


contraction or shrinkage of cavities. 


A design engineer can help to prevent 
these by avoiding abrupt changes in sec- 
tion and sharp angles, and by avoiding 
sections that must be fed through smaller 
sections. See Product Engineering, March 
1941, p. 135-7; May and June 1939, p. 


ee eee 


206-7, 258-9 for suggestions in design. 


3. A design that takes advantage of latest 
developments in materials and foundry 
methods. 


4. Reasonable total cost of product. 


5. Minimum weight through utilization of 


available physical properties. 


Consult the foundry engineer before the 
design is detailed. Foundry engineering has 
become a highly technical profession whose 
service has become increasingly utilized by 


designers to improve casting design. 





ORGANIZATIONS - REFERENCES HANDBOOKS 


e AMERICAN FOUNDRYMEN’S ASSO- 
CIATION — A foundry engineers’ organi- 
zation interested in industrial research on 
castings of all metals and alloys and in 


foundry methods. 3,500 members. 


e CAST METALS HANDBOOK, a 400- 
page A.F.A. publication, deals with prop- 
erties of casting metals and alloys and 
casting design. 


e STEEL FOUNDERS SOCIETY OF 
AMERICA — An organization of manufac- 
turers of steel castings interested in co- 
operating in all problems of the industry, 
including improvement of steel casting 


quality and foundry methods, standardiza- 


tion and simplification, and non-technical 


problems. 


e STEEL CASTINGS HANDBOOK, a 500- 
page S.F.S.A. publication, covers develop- 
ment of the industry up to 1941 and prog- 
ress in manufacture and quality of steel 


castings. 


e ALLOY CASTING INSTITUTE—A 
group of alloy casting manufacturers that 
conduct research at Battelle Memorial 


Institute. 


@ AMERICAN SOCIETY FOR TESTING 
MATERIALS. 


èe AMERICAN SOCIETY FOR METALS. 





Reprints of this section are available at 10 cents each, special price for quantities. 
Address publisher—PRODUCT ENGINEERING, 330 West 42nd Street, New York (18) N. Y. 















Design of Electrical Contacts 


For Trouble-Free Service 


JOHN D. KLEIS 


Research Physicist, Fansteel Metallurgical Corporation 


Nature of both mechanical and electrical failures in contacts used on electrical 


devices are described, analyzed and classified. 


and solutions or remedies are given to obtain correct performance. 


For each condition, design rules 


Also meth- 


ods of testing to facilitate selection of contact materials, properties and types. 


ESIGNERS have at their com- 

mand dozens of metals, alloys 

and powdered metal composi- 
tions with desirable electrical contact 
characteristics. from which contact 
members can be made in various 
styles, shapes and sizes to achieve cer- 
tain desired results. Operating move- 
ments can be made slow or fast, and 
contact pressure controlled to suit cir- 
cuit conditions. A wiping. rubbing, or 
hammering action can be employed to 
remove oxidation and maintain clean 
surfaces. A rolling or hinge action can 
be used to minimize danger of sticking 
or welding. Protection against arc ero- 
sion can be obtained by the use of 
arc quenching means such as con- 
densers or resistors. or by proper bal- 
ance of the circuit. 

Foreknowledge of possible contact 
failures is of value to the designer. 
Practically all failures come under 
one of the following classifications: 

a. Contacts fail to open 


b. Contacts close, but fail to con- 
duct current 

c. Contacts overheat 

d. Abnormal or excessive contact 

voltage drop 

e. Abnormal or excessive wear or 
distintegration 

f. Abnormal transfer of metal from 
one contact to the other 

With these classifications in mind, 
the engineer can study his device and 
forecast the type of failures which 
may occur. In a motor starting switch 
or circuit breaker, for example, fail- 
ures (a), (c), (d), (e) or (f) may be 
expected. In a sensitive relay, where 
light contact pressures are employed, 
look out for failures such as (b), (d), 
or (e). In d.c. circuits, especially 
with inductive loads, (f) is a common 
trouble. With lamp loads, where heavy 
inrush currents are encountered, fail- 
ures (a), (c), or (d) may occur. 

An additional approach is an ob- 
servation of the expected operation of 


the device. If the contacts remain 
closed for long periods, failure (c) or 
(d) should be guarded against, and 
(a) may occur under unexpected 
overload. If the contacts remain open 
for long periods (b) or (d) are pos- 
sible failures. If the contacts operate 
frequently, once a minute or oftener, 
failure may occur in any one of the 
classifications. 

This study should be made before 
actual designs have been carried too 
far. If trial models are made, they 
should be put on test and careful ob- 
servations of contact performance 
should be recorded. These tests should 
be made to simulate actual operating 
conditions as closely as possible. The 
load should be of the same nature and 
value as the expected load. It is use- 
less, for example, to test a device on a 
purely resistive load if it is expected 
to work on an inductive load. Any 
severe conditions. such as extreme 
humidity, high ambient temperatures, 


Table I— Contact Data and Test Observations 


Contact material 
Backing material 
Source 


Type of contact; solid rivet, composite rivet, screw 


Electrical Data: 


A.c. or d.c. 

Current at make, amp. 
Current at break, amp. 
Voltage at make 
Voltage at break 


Note: Current and voltage should be recorded at 


regular intervals 
Arc suppressor, if any 


Mechanical Data: 





Type of operating mechanism; cam, spring, magnet 


Closing force or pressure, oz. grams or lb. 


Opening force or pressure, oz. grams or Ib. 
Break speed, in./sec. 

Make speed, in./sec. 

Radius on contact face, in. 

Cylindrical or spherical dimensions 
Rubbing, wiping or hammering action 


Method of contact assembly; braze, spot weld, spin, stake 
Brazing alloy used 


Brazing temperature 





Load; resistive, capacitative, or inductive 

If inductive L/R mh/ohm 
Power factor 

Number of operations per min. or hr. 

Percent of time contacts are closed 

Percent of time open 

Ambient temperature, at regular intervals 
Contact resistance, at regular intervals 
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Observation of Contacts: 





Welding, after operations at__________amp. 
Sticking, after. operations at____m__amp. 
Force required to separate, oz. 

Pitting; none, small, medium, severe 

Mechanical wear, after. 
General operating qualities 


operations 





smoky or corrosive atmospheres, 
should be anticipated and simulated 
in the tests. If the device is to be used 
in aircraft, the rarefied atmospheres 
found at high altitudes should be 
taken into account, since the destruc- 
tive effect of arcing is greatly intensi- 
fied as atmospheric pressure de- 
creases. 


Evaluating Test Data 


“Accelerated” tests at best are in- 
accurate and unreliable, and if not 
correctly evaluated may lead to con- 
clusions which are entirely misleading. 
For example, a designer may be seek- 
ing satisfactory contacts to break a 
25 amp. load 6,000 times. In an effort 
to accelerate the test, he selects con- 
tacts to break a 300 amp. load 500 
times. Assuming that this test is sat- 
isfactory, there is the possibility of 
using contacts of entirely too high re- 
sistance for the lighter load, to say 
nothing of the probable higher cost of 
the contacts. This example is a bit ex- 
aggerated, but it illustrates a line of 
false reasoning. If accelerated tests 
are conducted at all, they should be 
made only with the greatest care and 
with the knowledge that the results 
will not be conclusive. 

Intelligent, organized recording and 
interpretation of tests is of utmost im- 
portance. Contacts should be examined 
frequently during the test so that any 
early signs of failure will be observed. 
It is usually desirable to connect a 
good voltmeter and ammeter into the 
circuit to keep a constant check on the 
load value. Readings should be taken 
at regular intervals so that any varia- 
tion in voltage or current or rise in 
contact resistance will be promptly 
noted. An oscillograph is convenient 
for observation of peak voltages or 
change in wave shape. A stroboscope 
is valuable for study of contact mo- 
tion in vibrators or other rapidly op- 
erating devices. By using both these 
instruments the effect of chatter or 
“bounce” can be observed. A high re- 
sistance millivoltmeter, when con- 
nected across closed contacts carrying 
a current of previously selected value, 
is a good means of measuring contact 
resistance. The operating temperature 
of the contacts should be determined, 
especially where heavy loads and se- 
vere arcing are encountered. 

Each test should be recorded on an 
individual sheet. The data recorded 
should include that listed in Table I, 
and in addition the test number, the 
date, and the name of the operator. 

Assume that a test has been con- 
ducted to the point where the contacts 
fail. The operator has conducted the 
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test carefully, and has observed 
changes in voltage, current and tem- 
perature. He must now determine the 
nature of the failure, which will prob- 
ably fall into one of the six classifica- 
tions previously mentioned. This 
sounds simple, but it is surprising 
how many engineers confuse mechan- 
ical sticking, caused by excessive 
transfer or material, with actual weld- 
ing. Both of these failures may mani- 
fest themselves as “contacts fail to 
open,” but they are distinctly different 
sorts of failure, and are the results of 
an entirely different set of causes. 

Conclusions should never be drawn 
from one single test. It is always ad- 
vantageous to test several devices si- 
multaneously, using the same contacts, 
thus making it possible to observe 
whether or not the same conditions 
tend to duplicate. If this is not pos- 
sible. tests should be repeated with the 
same device. It is particularly impor- 
tant to repeat or duplicate tests after 
it is believed that all the contact prob- 
lems are solved. 

Having determined the nature of 
the failure, the cause is next sought. 
Assume that the contacts failed to 
open. There are two common causes 
for this; either the contacts actually 
welded, or they stuck together me- 
chanically because of excessive trans- 
fer of material. An uncommon cause 
may be a broken spring. Was the fail- 
ure sudden? Was it preceded by a 
marked voltage drop or temperature 
rise? Did previous examination of the 
contacts show a progressively increas- 
ing temperature? Did it take a heavy 
force to separate the contacts? 


Causes of Failure 


As these questions are answered 
the cause of the failure becomes evi- 
dent. When contacts stick suddenly 
with no preceding marked increase in 
resistance, and when it takes a force 
of several ounces to separate the con- 
tacts, the cause is actual welding. Ac- 
tual welds sometimes can be broken 
with less force. There are a number of 
remedies. The first which occurs to 
the average engineer is to use a non- 
welding contact material such as tung- 
sten, graphite, or one of the new re- 
fractory powdered metal compositions. 
A more simple remedy may be to use 
larger contacts of the same material or 


Table Il—Pairing Contacts of 
Dissimilar Materials 





Platinum-ruthenium alloy with Tung- 
sten 

Silver with Molybdenum 

Silver with Silver-tungsten composition 


to alter the design of the device, espe. 
cially if the welding was preceded hy 
a considerable increase in temperature 
or resistance. 

There are times when a slight tend. 
ency to weld can be overcome simply 
by increasing the break force, but jf 


this is done the effectiveness of the | 


remedy should be proved by tests, 
Sometimes contact welding iş 
caused by a deep-seated fault which 
can be remedied only by alterations 
in the circuit. One of the more fre. 


quent circuit difficulties is a capacita. f 


tive load, such as a large condenser 
directly across the contacts. The diff. 
culty is caused by the condenser dis. 


charge current, which may either 
cause an immediate weld or acceler. 
ate transfer to the point where weld. 
ing will occur. A common solution to 


this difficulty is to connect a resistor 
in series with the condenser to reduce 
the discharge current. 

In most cases where contacts fail to 
open, it will be found that they have 
stuck together mechanically because 
of pitting or transfer. If the contacts 
have been examined during the test, 
progressive transfer may have been 
observed. Many workers will stop a 
test and pronounce the contacts a fail. 


ee Pine 


ure before transfer reaches the stage J 


where contacts actually stick. Remen- 
ber, the operation of contacts is not 
determined by their appearance. Many 
contact materials after a few opera: 
tions have operating surfaces which 
appear as though they were completely 
oxidized, and fail to carry current 
after only a few more operations, but 
will actually operate for thousands of 
times with no trouble. 

Transfer or migration of contact 
material is a complicated phenom 
enon, which cannot be fully explained 
in every case. A pit develops in one 
contact, while a cone or pyramid oi 
corresponding shape and size is built 
on the face of the mating contact. 
This situation is most common in d.c. 
circuits, seldom in a.c. circuits. The 
direction of transfer sometimes can be 
altered by reversing the current, or 
by changing such factors as the circuit 
constants. Transfer can in many cases 
be reduced or entirely eliminated in 
d.c. circuits by using dissimilar cor 
tact materials. 

Transfer to the negative contact is 
frequently attributed to the action of 
the electron stream in the contac! 
spark, where the length of the contact 
opening is less than the main face path 
of the electrons. The cathode (nega: 
tive contact) remains relatively cool 
because it is bombarded by only a few 
positive ions whereas the anode (posi 
tive contact) is heated because of the 
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DADAR OP 


Contacts that have failed in service as the result of faulty mechanical and electrical conditions. (A) Trans- 
fer, or migration, is beginning to show on tungsten ignition contacts. A pit is developing in negative contact, 
and a corresponding cone is being built on the surface of the positive contact. (B) Coin silver contacts 
welded together because of heavy inrush current from a lamp load, such welding usually occurs as the cir- 
cuit is made. Special alloy contacts show only normal erosion after several thousand operations under similar 





use load, with no tendency toward welding. (C) All contacts are eroded from arcing. Make contacts are begin- 
cts ning to show transfer. No condenser or arc suppressing device was used. Remedy: Properly balanced circuit. 
est, (D) The break contacts are normal. The make contacts are eroded from arcing caused by a condensor of too 
een F high capacity in the circuit. (E) Contacts showing the effect of mechanical wear, plus some oxidation, caused 
a by the use of too soft material. (F) Over-heating, brought about by intensive arcing in d.c. circuit, melted 
ail. these contacts causing them to weld. (G) Contacts, used ina light-pressure, low-voltage application, show effect 
age of oxidation which would eventually form a high resistance or insulating surface. Remedy: Use greater pres- 
nd sure, wiping action to remove oxidation, or non-oxidizing material. 
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electron bombardment. As a result trons emitting from the cathode strike will influence the amount and direc- 
th the anode tends to vaporize at various and ionize or excite the gas molecules tion of transfer. 
si local hot zones. The positive metal in the gap. Then, if current and volt- Transfer of material, if disregarded, 
tact | 1008 thus formed are then transferred age are sufficient, an arc is formed. As will lead to ultimate failure by stick- 
sae by the intense elective field between a result, the cathode is bombarded ing, probably preceded by increased 
path the open contacts to the cathode. by the positive ions and it begins to contact resistance and overheating. In 
est Transfer to the positive contact is vaporize more than the anode, with re- many cases transfer can be overcome 
aa commonly explained as occurring sultant migration of material toward entirely by pairing contacts of dis- 
i when the length of the spark or arc is the anode. Therefore, the rate of similar materials. Table II lists a few 
hosi | Steater than the primary electrons speed with which contacts are broken, such combinations. 
the | near the free path, so that the elec- as well as the voltage and current, Use of dissimilar contact materials 
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Table Ili — Causes and Cures for Contact Failure 





NATURE OF FAILURE CAUSE OF FAILURE UsuAL SOLUTION OR REMEDY 





Contacts fail to open Actual contact welding Use different contact material 
Use larger contacts. 
Increase break force 
Alter circuit 


Sticking caused by pitting Use different material 
and transfer Use greater break force 
Check contact alignment 





Contacts close, but fail Oxidation Use non-oxidizing material 
to conduct current Quench arc 
Operate on vertical plane 
Adjust speed of break 


Eliminate contact shatter 
Use rubbing or hammering action 


Corrosion Use corrosion-resistant material 
Protect contacts 





Insufficient pressure Use greater closing force tension 
Contacts overheat High contact surface Use larger contacts 
resistance Use different material 


Increase radiating surface 
Increase contact pressure 


Improper contact Use different material 
Improper assembly Improve or change method of 
i assembly 


Use larger backings 





Abnormal voltage drop Incorrect contact material Change contact material 
Circuit conditions Check circuit to determine cause 
Insufficient are quenching 
Too great arc quenching 


Mechanical condition Increase pressure 
Change contact contour 
Use rubbing action 
Use hammer action 
Eliminate chatter 





Abnormal wear, Faulty mechanical design Reduce pressure 
mechanical or electrical Reduce hammer action 
Reduce rubbing action 


Circuit condition Reduce arcing 


Change speed of make and break 


Improper contact material Use are-resisting material 
Use more wear-resistant material 





Abnormal transfer Improper contact material Change contact material 


Cireuit design Change inductive, resistive or 
capacitative values 
Use short leads in arc-quenching 
circuit 


Mechanical Speed of contact separation 
Contact pressure 


Electrical Use larger contact 
Use different contact material 
Use secure assembly to assure 
that contacts operate cool as 
possible 
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tu overcome transfer is not a cure-all, 
especially if the cause of the condition 
is a fault in the circuit design, ]j 
transfer troubles persist, the inductive. 
resistive or capacitative values in the 
circuit should be checked and altered, 
The author was once consulted on a 
severe case of contact transfer trouble 
in a speed governed motor used in an 
adding machine. Tungsten contacts, 
protected by a condenser, were being 
used. Several grades, sizes and shapes 
of tungsten, and other materials were 
tested with no appreciable abatement 
of transfer. Condensers of many val. 
ues and types were tried with no bet. 
ter results. Finally, the condenser was 
re-located so that the leads could be 
shortened from 14 in. to 3 in.. where. 
upon transfer troubie disappeared. 

Mechanical sticking can sometimes 
be overcome by the use of greater 
break force, and often by more care. 
ful alignment of contacts. 

When contacts close, but fail to 
establish a circuit. the cause should 
not be difficult to find. The common. 
est cause is insufficient pressure, and 
the remedy is self-evident. Another 
common cause is oxidation, which in 
turn is usually caused by are action, 
Still another cause is foreign material 
on the contact faces. The obvious rem- 
edy is to use a non-oxidizing material 
such as platinum. palladium or one 
of the platinum group alloys. Most 
designers overcome oxidation troubles 
by employing a wiping or rubbing 
action as the contacts close. This, ora 
hammering action which tends to 
break up oxide, serves to keep con 
tacting surfaces clean. 


Are Suppressors 


Oxidation caused by arcing is pre: 
vented by quenching the are by means 
of a condenser or resistor in the cir- 
cuit. Arc suppressors must be of 
proper value in relation to the circuit, 


and leads to them should be kept as 
short as possible. In using condensers 
to quench arcs, a safe method is to 
use a condenser of as small a value 
as possible. The proper value can be 
determined only by tests under actual 
load conditions. 

When contacts fail to establish a 
circuit upon closing, examination 
often discloses that the contacts are 
held open by specks of dirt, or that 


dust has covered the contact surface 


with an insulating film, sometimes 
baked onto the contact surface. This 
condition can usually be avoided by 
operating the contacts with the sur 
faces in a vertical plane, or by prop: 
erly inclosing the contacts or the 
tire device. 
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Excessive arcing can be reduced by 
adjusting the contact operating mech- 
anism so that there is no chatter or 
“hounce” as the contacts close. 
Corrosion of electrical contact sur- 
faces is more common than generally 
realized. The rapid corrosion which 
occurs in chemical plants is not here 
referred to, but the slower form of 
corrosion caused by long exposure to 
moist, smoky or fume-laden atmos- 
pheres is cited. There are two simple 
preventions: Inclose the contacts or 
the entire device, or use a contact ma- 
terial of known corrosion resistance. 


Operating Temperatures 


Overheating of contacts is a com- 
mon defect caused almost invariably 
by high contact resistance and ac- 
companied by high voltage drop. The 
resistance may be at the contact sur- 
faces. but contacts are often accused 
of being a source of resistance which 
is really caused by loose assembly. 
This trouble is common when rivet 
type contacts are used. The obvious 
remedy is to make sure parts are clean 
before they are riveted, and that the 
riveting is tight. 

The importance of maintaining low 
operating temperatures of contacts 
cannot be overstated. Contacts which 
operate at excessive temperatures tend 
to arc more severely. also to transfer 
and weld more readily. When operat- 
ing temperatures are too high, the 
characteristics of almost any contact 
material may be adversely altered. 

If the cause of overheating is found 
to be high contact surface resistance, 
there is the choice of a number of 
remedies. One is to use larger con- 
tacts. Another is to use a different 
contact material, but here a word of 
caution is in order. It might naturally 
be assumed that a metal or alloy high 
in conductivity would inherently be 
low in contact surface resistance. This 
is not necessarily true. Copper is an 
excellent conductor, but a poor con- 
tact material where low pressures and 
low voltages are encountered. Tung- 
sten, platinum and molybdenum are 
only fair conductors, but excellent 
contact materials in the services for 
which they are intended. Silver is the 
best of all conductors, and is also one 
of the most widely used contact mate- 
rials. The effectiveness of a contact 


material, so far as surface resistance 


is concerned, is determined not by 
inherent conductivity but by the abil- 
ity of the material to retain a surface 
of low resistivity after prolonged use. 
_ Sometimes. high contact surface re- 
sistance is not the result of using the 


Wrong material, but failure to dissi- 


pate heat. Arcs, however small, gen- 
erate heat and if this heat is not 
carried away from the contact sur- 
face resistance increases. This trouble 
is often overcome either by increasing 
the thickness of the contact itself or 
the contact backing. or by the use of a 
wider shoulder in the contact back- 
ing. Another good way to dispose of 
heat is to assemble contacts by weld- 
ing or soldering, rather than by 
riveting or use of lock nuts with 
screw type contacts. 

High contact surface resistance is 
sometimes simply a matter of insuff- 
cient pressure. Pressure can be in- 
creased by modification of the oper- 
ating mechanism. If additional pres- 
sure is needed, this can be accom- 
plished to a certain extent by the use 
of a radius-faced contact paired with 
a flat-faced contact. the smaller the 
radius the greater the unit pressure. It 
should be remembered, that when 
radius-faced contacts are used, the 
effective contacting area is quite small 
and will increase fairly rapidly at 
first, resulting in rapid wearing down 
of the contacts. Allowance for wear 
must be made where contact spacing 
and adjustment are critical. 


Voltage Drop 


Abnormal voltage drop and contact 
surface resistance go hand in hand, 
when one condition is remedied it 
will generally be found that the other 
disappears. Voltage drop is sometimes 
not a fault of the contacts, but of the 
circuit. When this is true. the circuit 
should be checked to determine the 
cause. Voltage drop sometimes occurs 
when a condenser is placed across the 
contacts to suppress arcing. If the 
condenser is of correct value, there 
should be no great voltage loss. If 
the condenser is either too great or 
too small in capacity there will usually 
he an increased voltage drop. A sim- 
ple test is to operate contacts under 
circuit conditions without 
the condenser connected across the 
contacts, and compare the contact 
resistance after an equal number of 
operations. If the voltage is appre- 
ciably higher without the condenser, 
the condenser is at fault. The same is 
more or less true when resistors are 
used as arc suppressors. A test must 
be made to make certain that the 


condenser is not defective electrically. 


Bad mechanical conditions that also 
tend to increase contact voltage drop 
are insufficient pressure, chattering, 
lack of rubbing or wiping action, or 
any other condition which increases 
resistance. 


Abnormal wear in contacts is easily 


the same 
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detected if one examines contacts fre- 
quently during tests. This wear may 
be purely mechanical, or it may be 
erosion caused by arcing. It is easy 
to distinguish between the two. If con- 
tacts seem to function perfectly ex- 
cept for mechanical wear, it is usually 
simpler to remove the cause of the 
wear rather than change the contact 
material. Mechanical wear can be re- 
duced by less pressure, less rubbing 
or wiping action, or less hammering 
action. A change to a harder contact 
material is sometimes necessary. 


Are Erosion 


Wear caused by are erosion is a 
more difficult problem which calls for 
measures to reduce the are or the use 
of a contact material which will with- 
stand the arc. Reduction of the arc 
requires modifications in the circuit, 
the use of are suppressors or mag- 
netic blow-outs. or a change in the 
operating mechanism to change the 
speed of make or break. The “snap 
action” idea is good. but is sometimes 
overdone. In a.c. service a quick make 
and a slow break results in less arc- 
ing than a “snap” break. A recom- 
mended speed of breaks is about 1.5 
in. per sec. If arcing becomes trouble- 
some, time will be well spent in ex- 
perimenting with variations in speed 
of making and breaking circuits be- 
fore jumping to the conclusion that 
the contact material is not correct, 
or that the circuit must be redesigned. 

There are a number of new mate- 
rials which are highly resistant to arc 
erosion. Some of them are alloys, 
others are combinations of metals 
which do not alloy with each other. In 
these latter compositions. refractory 
metals such as tungsten or molybde- 
num are combined with highly con- 
ductive metals such as silver or cop- 
per by powder metallurgy processes. 
Other elements are sometimes added. 


The resultant materials have low con- 
tact surface resistance and other de- 
sirable properties, coupled with a 
marked resistance to intense arcing 
and mechanical wear. Contact mate- 
rials of this class are being used in 
aircraft relays and switches to break 
inductive d.c. loads of hundreds of 
amperes without arc suppressors. By 
manipulation of constituent materials, 
pressing and sintering operations, an 
almost infinite variety of materials are 
available. 
Engineering for 


contact per- 


formance is no simple task. It does not 
require much in the way of equip- 
ment, but it does take time, patience, 


an open mind and a great reluctance 
to jump at conclusions quickly. 
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YDRAULIC CIRCUITS are but 

combinations of pumps and valves 
designed to apply pressure at regu- 
lated intervals. There are countless 
possible combinations of pumps and 
valves for controlling such pressure to 
the operating cylinders. 

Hydraulic transmissions in machine 
tools may include slides, clamps, in- 
terlock and safety devices, all prop- 
erly timed with relation to each other. 

The circuit also consists of combin- 
ations of stop valves, reversing valves, 


CIRCUIT DIAGRAMS OF 


pilot valves for controlling larger 
valves such as the main reversing 
valve, throttling or dwell valves for 
slowing motion or delaying action, 
sequence valves to hold back certain 
motions until others are completed, 
and relief valves to maintain a uni- 
form pressure in the system. 

Where required oil pressure is not 
high, or where lightweight machine 
parts are to be accelerated and de- 
celerated, constant-volume pumps such 
as gear and vane pumps are used. 


The variable-volume system is used 
where there must be close control, 
where the pump delivers a variable 
and metered volume of oil, and where 
heavy machine parts and work are to 
be accelerated or decelerated without 
shock. It uses a plunger pump in 
which the length of stroke can be con- 
trolled. 

Data and illustrations of hydraulic. 
ally controlled machine tools supplied 
from Socony-Vacuum Oil Company 
publication “Hydraulic Systems.” 


Fig. 1—Circuit of a vertical broaching machine using a vari- 
able-volume pump. Difference between areas on top and bot- 
tom faces of piston gives slow down stroke and rapid return 
for a given pump discharge. Check valve allows additional oil 
required on the down stroke to be drawn from the reservoir. 
At the end of the down stroke, a slide engages an adjustable 








stop and controls the reversing valve in the pump. On up 
stroke, relief valve permits excess oil to enter reservoir. 
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Fig. 2—Variable-volume hydraulic system of a double 
broaching machine. 
cylinders can be supplied with oil in either direction. 
As No. 2 piston moves up, the oil moves to the top of 
No. 1, pushing No. 1 piston down, and expelling oil to 
the pump suction. 
the operating cylinders get out of step, there are valves 
and connections, not shown, for manually refilling upper 
ends of cylinders. Oil flow to main pump control is 
regulated by an electrically operated reversing valve the 
solenoid of which is in series with the lubricating oil 
switch, locking pin switch, stroke limit switch, and the 
pressure switch on the work clamping fixture. 
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Fig. 4—Constant-volume hydraulic circuit for a shaper 
drive. Forward motion of the piston moves the shaper 
head forward for the cutting stroke. At the end of the 
working stroke, a stop throws the reversing valve and 
the shaper head starts on the return stroke. Space occu- 
pied by the piston rod makes the return stroke faster 
The return stroke is always the 
same for a given pump discharge rate but the cutting 
stroke can be adjusted by the throttling valve. 


than the working stroke. 


Illustrations © Socony-Vacuum Oil Company 


Fig. 5—Hydraulic system of 
a horizontal honing ma- 
chine. When start and stop 
valve is in start position, 
oil is sent to either end of 
a reversing valve. Electrical 
contact points are set for 
the desired spindle head 
travel. A hydraulic motor, 
through gears and a cable, 
reciprocates_ the spindle 
head. Dwell valve between 
pilot and reversing valve, 
causes dwell at end of 
working stroke. A hy- 
draulic indexing cylinder 
and ratchet mechanism ad- 
vances spindle each time the 
hydraulic motor reverses for 
a working stroke. 
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Fig. 3—Lock feed hydraulic system of a milling ma- 
chine. Table travel speed is controlled by a variable 
discharge metering pump which removes measured 
amounts of oil from the front of the advancing piston. 
The positive flow of oil to and from the operating 
cylinder accurately controls working piston motion. 
When the reversing valve is thrown to the position 
shown by the dotted lines, the booster pump discharges 
entirely through the relief valve, and the gear pump 
supplies low-pressure oil for a quick return stroke. 
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Rapid Release Latches 


Analyzed for Performance 


CARL THUMIM 


Mechanical Engineer, I-T-E Circuit Breaker Company 


Dead center and overcenter rapid release latch designs for reliable oper- 


ation. Release forces are determined by equilibrium diagrams with and 


without friction. Design hints are included for reducing strains caused 


by load and for eliminating the effects of impact in high-speed operation. 


N ADDITION to reliable latching 

qualities, a rapid release latch 

should be designed so that the 
load force on the latching mechanism 
is greatly reduced and means pro- 
vided to assure consistent operation 
when a definite unlatching force is 
applied. 

To obtain the value of the releas- 
ing force, it is necessary to analyze 
the operation of the latch with and 
without the presence of frictional 
forces. Though a latch usually re- 
quires less force to trip if friction is 
neglected, it frequently happens that 
the force on the latch from the re- 
mainder of the mechanism is greater 
than when friction is considered. For 
satisfactory performance, enough trip- 
ping force must be provided to take 
care of the worst condition. 

Mechanical rapid release latches, as 
commonly designed, fall into two cate- 
gories, the dead center and the over- 
center types. In the former, the latch 
remains on dead center throughout its 
motion until the instant of release. In 
latches of this type the friction of the 
moving against the stationary parts 
defines the size of the unlatching 
force. Since friction is controllable, 
by the use of rollers and anti-friction 
bearings, and reasonable motion of 
the latch can occur without release 
this design is basically reliable, sensi- 
tive, vibration resistant and easy to 
make. It suffers from the inherent dis- 
advantage of not being of the hair 
trigger type. 

The overcenter type of latch shown 
in Fig. 2, distinguished by its snap 
action, can be subdivided further into 
the biased surface and the toggle 
groups. The biased surface latch, Fig. 
2(A), consists of a trigger, some- 
times equipped with a roller, which 
bears against a surface formed to 
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give a small moment to keep the 
trigger in the latched position. By re- 
ducing this moment to a minimum and 
locating the point of the trigger close 
to the end of the surface, slight mo- 
tion and a small force will permit 
release with a hair trigger effect. This 


Fig. 1—Latches of the dead center type with force vectors and equilibrium diagrams. 


design is difficult to manufacture. A 
small variation in the direction and 











location of the surface can make a f 
drastic change in the operating char. 
acteristics of the latch. It is not re F 


liable as to reduction of forces or op- 
eration. Also it is sensitive to wear 
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Fig. 2—Overcenter latches. Dash force and vector lines are for non- 
friction conditions, solid lines are for a 0.25 coefficient of sliding 
friction. (A) Biased surface design. (B) Toggle type. 


Fig. 3-—Dead center latch that is unstable because load on connect- 
ing link causes the main lever to move toward the trigger thus 
applying a clockwise moment on trigger in direction of release. 


Fig. 4—Dead center roller latch in which stability is determined by 
direction of release. Stable when trigger release is counter-clockwise. 
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and does not resist vibration as well 
as the dead center type. 

The toggle group consists of two 
links and is easy to manufacture. It 
is unreliable when used with small 
offsets to produce hair trigger action. 
Equipped with anti-friction bearings, 
it overcomes the inherent disadvan- 
tage of being a variable force reducer, 
but thereby becomes too large - and 
heavy for rapid action. It is not too 
sensitive to wear. but does not resist 
vibration and frequently bounces 
when rapid relatching is attempted. 


Force Analysis 


In the dead center latch. friction is 
the only force to be overcome for re- 
lease. When there is no friction the 
release force is zero. The force dia- 
grams in Fig. | indicate the analysis 
when the coefficient of sliding fric- 
tion is taken at 0.25. This value is a 
reasonable maximum obtainable with 
houndary lubrication. Note that during 
the releasing operation, the rest of 
the mechanism does not move. This 
permits the use of analysis neglecting 
friction. 

In overcenter latches the releasing 
operation causes a small amount of 
motion, opposite to that of release, in 
the remainder of the linkage. Thus 
friction forces become important. 


Design Hints 


To make a latch design practical 
and its operation predictable a num- 
ber of precautions should be taken, 
especially where severe service is ex- 
pected. Contours should be maintained 
by the use of materials of high 
strength and toughness, with ample 
surfaces the hardness of which ap- 
proaches 600 Brinell to a consider- 
able depth. Bearing proportions should 


Fig. 5 
(B) Latched by friction. 


be liberal and clearances small. 
Latches that may be required to stand 
under load for long periods before be- 
ing released should be lubricated with 
materials not likely to squeeze out 
under load. The lubricant should be 
treated with anti-oxidizing additives. 
This is particularly important when 
anti-friction bearings are used, be- 
cause the lubricants generally used 
remain soft or fluid if worked occa- 
sionally, but change to a varnish-like 
substance on long standing or expo- 
sure to extreme temperatures. 

Necessary running clearances and 
strains in the structure may produce 
slight relative motion between the 
latch parts during application of the 
load. This condition may cause 
trouble. The direction of the loadin 
on the latch shown in Fig. 1(4) tends 
to move the main lever B to the right 
and to apply a counter-clockwise mo- 
ment on trigger C, because of the 
friction drag at the point of contact. 
Since C is against its stop D at the 
start, it stays put and the net result 
is a slightly decreased overlap at the 
latch point. 

If the load force was reversed in 
direction, as in Fig. 3, the motion of 
B’ to the left would produce a clock- 
wise moment of the trigger. Under 
conditions of rapidly applied loads, 
enough energy could be stored in the 
trigger to keep it moving, even after 
B’ had stopped, to cause the latch to 
release. In a roller latch, designed as 
shown in Fig. 4, take-up of toler- 
ances and strains results in a slight 
clockwise rotation of lever B”. Fric- 
tional retardation of the roller sur- 
face in contact with trigger C” causes 
the roller to rotate counter-clockwise 
and to exert a clockwise moment on 
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Toggle latch release stroke. 





To release 





(A) Latched position. 


(C) On friction dead center. 


C” when B” reaches the end of its 
motion. If C” were arranged to re- 
lease when rotated clockwise, the 
latch might fail under sudden appli- 
cation of load. The proper way to 
obtain reliable operation is to have 
C” rotate counter-clockwise when re- 
leasing. 


Stored Roller Energy 


Some applications call for a release 
followed by immediate relatching and 
loading. Where a roller latch, Fig. 4, 
is used, the roller may be heavy and 
mounted on anti-friction bearings. 


This would cause the roller to rotate 
a long time after release. There may 
be enough energy stored in the roller 
to cause the trigger to release because 
oi friction drag at the application of 
load. The remedy is to keep the roller 
as light as possible then, if necessary, 
to apply a braking force to the roller 
when it is in the released position. 


Impact Loads 


In general, lightweight rollers, 
where used, and triggers are impor. 
tant in minimizing the kinetic energy 
imparted by sudden movements of the 
supports or of the co-acting parts. Also 
the trigger should be statically bal. 
anced to eliminate releasing moments 
caused by impacts on the entire mech- 
anism. The trigger stop should be 
so located that it would not transmit 
to the trigger any forces in the direc. 
tion of the major impacts. Sometimes 
this stop is faced with shock-absorb- 
ing material to avoid transmission of 
forces likely to release the trigger. 

In a toggle latch, the stroke of the 
releasing means should be large 
enough to overcome the directional ef. 
fects of friction. Fig. 5(4A) shows a 
toggle in the latched position against 
its stop. When moved to a slightly 
overcenter position, Fig. 5(B), the 
toggle would trip only if the value of 
friction were zero. Actually the toggle 
would have to be moved sufficiently 
to be outside the “friction dead cen- 
ter” indicated in Fig. 5(C) before it 
would trip reliably. 





Protective Coatings 
Formed From Vapor 


CHEMICAL VAPORS from a new 
compound developed by General 
Electric Company add water-re- 
pellent qualities to paper, cloth, 
radio ceramic parts and other 
materials. The vapors coat mate- 
rial with an invisible film, which 
is unaffected by heat up to 330 
deg. C., and withstands handling 
and cleaning. The new treatment 
replaces protective coatings of 
varnish and wax. 
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Fundamentals 
Of Engineering Drawing 


W. J. LuzappER—568 pages, 54x 
10 in., gray clothboard covers. Pub- 
lished by Prentice-Hall, Inc., 70 Fifth 
Ave., New York, N. Y. Price $4. 


This book has been prepared as a 
nearly self-teaching text for large 
classes in engineering drawing. The 
more common difficulties of students 
are explained simply and each illus- 
tration is designed to repeat in graphic 
language the ideas presented in the 
text. Emphasis is placed throughout 
on fundamentals. Several chapters are 
devoted to the specialized divisions of 
engineering drawing but the field of 
design is entirely avoided. The stand- 
ards adopted by the American Stand- 
ards Association were used as a guide 
in the preparation of much of the 
material. The appendix contains much 
useful handbook material, most of it 
in the form of specially prepared 
tables. 


The Chemical Formu’'ery 


H. BENNETT, editor-in-chief—636 
pages. 54x84 in., gray-brown cloth- 
board covers. Published by the Chem- 
ical Publishing Co., 234 King St., 
Brooklyn, N. Y. Price $6. 


Continuing the series of books on 
the above subject, this is the sixth. It 
contains formulas not included in the 
five previous volumes and thus brings 
the others up-to-date. Chapters that 
will interest engineers cover adhe- 
sives; emulsions; inks and marking 
materials; lubricants and oils; mate- 
rials of construction; metals, alloys 
and their treatment; paint, varnish 
lacquer and other coatings; paper: 
polishes and abrasives; rubber, resins, 
plastics and waxes; soaps and clean- 
ers; and textiles and fibers. 


Reference Data 
For Radio Engineers 


Published by the Federal Telephone 
and Radio Corp., 67 Broad St., New 
York, N. Y. 200 pages, 5%x8% in., 
flexible green cloth cover. Price $1; in 
lots of 12 or more, 75 cents per copy. 


Compiled under direction of the 
Federal Telephone and Radio Labora- 
tories and associated companies of the 
International Telephone and Tele- 


graph Corp., this book contains a 
wealth of information of value to radio 
engineers. However, product engineers 
should find the chapter on selenium 
rectifiers and the general engineering 
information of much help. It has gen- 
eral engineering tables, many sections 
on radio design, data and chapters on 
mathematical formulas and tables. Al- 
though small in size, the book con- 
tains a surprising amount of funda- 
mental engineering information. 


Tungsten 


K. C. Li and Cuune Yu Wanc— 
325 pages, 6x9 in.. blue clothboard 
covers. Publishe’ by Reinhold Pub- 
lishing Corp., 330 W. 42nd St., New 
York. Price $7. 


This book is an authoritative refer- 
ence work on tungsten covering all 
phases of the subject, including gen- 
eral-interest history of its discovery 
and production, geology. metallurgy. 
chemistry and analysis, substitutes 
during periods of shortage. and eco- 
nomics. Being No. 94 of the American 
Chemical Society Monograph series, 
the book carries the backing and rec- 
ommendation of this and other tech- 
nical organizations. No investigation 
of tungsten would be complete without 
reference to this book. The authors are 
highly qualified and closely connected 
with the material, Mr. Li as an engi- 
neer and prominent New York execu- 
tive, and Mr. Wang as a director of 
research and Columbia University 
medallist. 


Industrial 
Production Illustration 


R. P. Hoetscuer, C. H. Sprincer 
and R. F. PoHLteE—172 pages and XLI, 
84x11 in., gray cardboard covers. 
Published by the McGraw-Hill Pub- 
lishing Co., 330 West 42nd St., New 
York, N. Y. Price $3.50. 


From the title one might get the 
idea that this book is limited to show- 
ing how to make production illustra- 
tions. Actually, it is a manual so basic 
and broad in scope that a draftsman 
or engineer who studies it can learn 
how any type of specialized illustra- 
tion used in industry is made. Em- 
phasis is placed on freehand drawing, 
particularly in perspective, and on 
the desirability for accuracy and speed 
in making freehand perspective draw- 
ings. Designers will find the book par- 
ticularly useful in learning how to 
speed up their work by making ac- 
curate, fast sketches of their ideas. 
Subjects covered are uses of pictorial 
drawing, lettering, orthographic pro- 
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jection and sketching, axonometric 
projection and sketching, oblique pro- 
jection and sketching, perspective, 
engineering delineation and shading. 
Principles are explained pictorially 
and this method of treatment is fol- 
lowed throughout, the text being held 
down to brief explanations. Algebra, 
trigonometry and calculus are elimin- 
ated by faithfully adhering to this 
principle of graphic presentation. The 
tl plates for use as problems cover 
the entire subject matter. Two things 
the book lacks are a review of the 
mechanical methods for making per- 
spective drawings and a discussion of 
how to scale perspectives, although the 
latter is touched on under the subject 
of proportioning in the chapters on 
orthographic, axonometric and oblique 
sketching. 


Metals and Alloys Data Book 


S. L. Hovt—334 pages, 7x10 in., 
brown clothboard covers. Published 
by Reinhold Publishing Corp., 330 W. 
42nd St., New York. Price $4.75. 


A compilation of 340 tables of data 
on types, characteristics and proper- 
ties of hundreds of metals and alloys. 
The information was accumulated by 
the author to satisfy a desire for re- 
liable data. The author, who is a 
technical advisor of the Battelle Mem- 
orial Institute, points out that the book 
is for information, not instruction, and 
requires continuous revision to keep 
up with wartime developments. The 
material is arranged under the heads 
of wrought steels, which takes 40 per- 
cent of the book; cast steels; stainless 
steels: cast irons; heat- and corrosion- 
resistant casting alloys; and non-fer- 
rous alloys. The first 13 tables, how- 
ever, are devoted to hardness tests and 
conversion data, and the last 19 to 
general data. Considerations, cautions, 
and suggestions for proper interpreta- 
tion and utilization of the tables are 
discussed in the preface. Nearly 1,500 
items are listed in the index. 


Manual of Mechanical 
Movements 


WiLL M. CLARK, editor—250 pages, 
514x71% in., nearly 600 illustrations, 
green clothboard covers. Published by 
Garden City Publishing Co., Garden 
City, N. Y. Price $1.98. 


A historical presentation of rudi- 
mentary principles of mechanisms. 
Part I was published originally about 
the middle of the last century in the 
American Artisan. Part II consists of 
a series of 160 reproduced photo- 
graphs of the editor’s hobby collection 
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of 160 working models that apply the 
principles described in Part I, with 
explanatory captions. The book should 
be instructive to young students of 
mechanisms, interesting to all ages, 
and might stimulate the think of 
design engineers. 


Industrial Research 


F. Russe.t Bichowsky—126 pages, 
54x7% in., blue clothboard covers. 
Published by the Chemical Publish- 
ing Co., 234 King St., Brooklyn, N. Y. 
Price $2.50. 


For the engineer who is even mildly 
interested in industrial research this 
book should prove profitable reading. 
The author discusses research as dis- 
tinguished from engineering and de- 
velopment, research for the small 
company. general principles of organ- 
ization and management of a research 
department and a philosophy regard- 
ing the social aspects of research. The 
hook is more than just a discussion of 
how to run a research laboratory be- 
cause the author’s experience in con- 
ducting industrial research has given 
him a broad background of informa- 
tion and experience that he uses to 
make a readable and interesting vol- 
ume. 


Adhesives 


FELIX BRAUDE—154 pages, 52x71% 
in., red clothboard covers. Published 
by the Chemical Publishing Co., 234 
King St., Brooklyn, N. Y. Price $3. 


Since this book is written for the 
practical man interested in 
adhesives as producer. user or sales- 
man no technical training is required 
for its full understanding. Following 
a brief discussion of the theory and 
application of and tests for adhesives 
the author launches into the various 
types of base materials used for adhe- 
sives. Many formulas are given with 
directions for mixing adhesives under 
the chapters covering each type of 
material. 


who is 


Well’ Manual of Aircraft 
Materials and Manufacturing 
Processes 


T. A. WELLS — 212 pages, 714x10 
in., blue leatherette covers. Published 
by Harper & Bros., 49 E. 33rd St., 
New York, N. Y. Price $3. 


Characteristics, advantages and dis- 
advantages of all important materials 
and manufacturing processes that are 
involved in the building of aircraft are 
covered in this book. It is divided into 
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two sections. one on materials and the 
other on manufacturing processes. 
Materials discussed are aluminum al- 
loys, magnesium alloys. steel, non-fer- 
rous metals, standard parts. wood, fin- 
ishes, rubber and plastics. Processes 
covered are welding. heat-treatment of 
metals, cutting of metal, forming, ma- 
chining, riveting, cleaning and corro- 
sion-proofing of metals, machining of 
wood and gluing. 


Engineering Index 
g & 


Published by Engineering Index, 
Inc., 29 W. 39th St., New York, N. Y. 
Price $50. 

The 58th edition of this volume con- 
tains over 25,000 annotations of impor- 
tant articles published in 1942 cover- 
ing all branches of engineering. There 
are also approximately 40.000 cross- 
references to these annotations. An 
author and contributor index is in- 
ciuded as well as a list of publications 
reviewed. 


Encyclopedia of Substitutes 
And Synthetics 


Morris D. ScHOENGOLD, editor— 
382 pages, 6x9 in., green clothboard 
covers. Published by the Philosophi- 
cal Library, Inc., 15 E. 40th St., New 
York, N. Y. Price $10. 

Listings of thousands of chemicals 
and synthetic materials are arranged 
alphabetically in this volume. Prin- 
cipal chemical and physical properties 
are included and possible substitutes 
for many of the products are indi- 
cated. 


The Machine Shop Yearbook 


And Production Engineers’ 
Manual 


H. C. Town, Editor—497 pages, 54% 
x814 in., blue paperboard covers. Pub- 
lished by Paul Elek, Africa House, 
Kingsway, London, W. C. 2, England. 
Price 31/6d. 

Second edition of this British ref- 
erence, the volume, like its predeces- 
sor, presents latest developments in 
engineering design. production and 
management. Part I contains articles 
by experts on electric controls for 
machine tools. optical instruments in 
engineering, centerless grinding and 
the direct-hydraulic system. New fea- 
tures in Part II. a resumé of machine- 
tool construction and operation, in- 
clude machine-tool elements; machine- 
teol applications of ball and roller 
bearings with methods of pre-loading; 
machine-tool gearing, including speed 
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changing and reverse mechanism; 
automatic boring and facing; and en. 
largement of the sections on cutting 
tools and heat-treatment of steel. Part 
JII contains 47 abstracts of technical 
articles in 7 classified groups. 


Engineering Drawing 


Leon Marr SaHac—394 pages, 
64x10 in., maroon clothboard covers, 
Published by the Ronald Press Co, 
15 E. 26th St., New York, N. Y. Price 
$2.75. 

This book is designed to approach 
the problem of teaching engineering 
drawing by giving a maximum of 
training in a minimum of space and 
time. To this end, it is divided into 
eiementary, intermediate 
vanced parts with a logical sequence 
of chapters in each. The first two 
parts include what will be required 
in any basic course and the advanced 
section may be varied to suit local 
conditions. The final chapter is de. 
voted to numerous drawing-room 
problems. A series of appendices con- 


tain useful data and symbols. 


Mechanism 








and ad- í 


Invinc H. PracemMan—304 pages, f 


514x814 in., 297 illustrations, blue 
fabrikoid covers. Published by Inter 
national Textbook Co.. Scranton, Pa. 
Price $3. 

Intended for use of engineering stu- 
dents in college courses, this book 
describes motions. velocities and ac- 
celerations of various machine parts. 
and static forces and inertia that may 
be transmitted in some of the les 
complicated machines. Principles are 
presented briefly. using many exam 
ples and illustrative problems that aid 
students in grasping them. The text is 
the outgrowth of notes used in courses 
in “mechanism” at the University oi 
Maine. 


Studies in Arce Welding 


Published by James F. Lincoln Are 
Welding Foundation, Cleveland, Ohio. 
1,300 pages, 54% x8%% in.. green fabri 
koid covers. Price $1.50. 


This book consists of 98 illustrated 
award papers selected from the 408 
submitted in the “1940-42 Progres 
Program” or contest in applications of 
are welding. The papers were selected 
for originality, value of information 
and thoroughness of treatment. Appli 
cations are described in many indus 
tries. including machinery. automotive. 
aircraft. railroad, structures and oth 
ers. 
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INDUSTRY AND SOCIETIES 


NEWS - READER LETTERS - MEETINGS 


Lincoln Electric Employee Board 
Questions Renegotiation Procedure 


Pertinent questions regarding rene- 
gotiation procedure have been raised 
by the Advisory Board of the Lincoln 
Electric Company, representing 1,400 
employees. A telegram was sent to 
Commander H. Royall McLaren, vice 
chairman. Navy Department Price Ad- 
justment Board. when it was learned 
that renegotiation was in process. 

The telegram points out the part 
the company is playing in producing 
essential war material and that under 
existing renegotiation procedure eff- 
ciency would be penalized and less 
taxes paid. The telegram reads: 

“We, the members of the Advisory 
Board of the Lincoln Electric Com- 
pany, representing 1,400 employees, 
have been advised today for the first 
time that your board is renegotiating 
the Lincoln Electric Company for 
1942. Since many of the workers are 
stockholders and all share in the 


profits, this matter is of vital im- 
portance to all of us. Hence, we want 
your answer to the following ques- 
tions: 

“1. We are producing at more than 
four times the rate per man-hour of 
any of our competitors. as you know 
from your investigation. How much 
must we reduce this efficiency and 
raise costs to keep from being penal- 
ized in renegotiation? Please be 
specific. Should it be reduced 4, 1⁄2, 34 
or more? 

“2. Have you squared your policy 
with WPB and the Treasury? WPB 
asks for more efficiency. The Treasury 
asks for more taxes. The penalty you 
set up will tremendously reduce both. 

“3. This penalty for efficiency was 
not made public in the renegotiation 
law as passed by Congress. Why? No 
such penalty for efficiency is apparent 
in our reading of the law. 


“We are requesting our chairman, 
Mr. Lincoln, to follow the matter so 
that this penalty on efficiency may be 
stopped.” 


ADDITIVES IMPROVE 
IMPREGNATING PROCESS 


By the proper use of certain addi- 
tives the penetration of a wide range 
of saturants, including most of the 
synthetic resins of the thermosetting 
type and many of the thermoplastic 
resins and elastomers as well as such 
materials as pitch, asphalt and natural 
resins, can be improved far beyond 
what has normally been considered 
optimum for impregnating materials. 
Usually the additive does not mate- 
rially alter the physical, electrical or 
chemical properties of the compound, 
although in a considerable number of 
cases a definite improvement in these 
properties has resulted. 

Used for the impregnation of paper, 
cotton, fibrous glass, asbestos or sim- 
ilar materials that go into the man- 
ufacture of electrical equipment, the 





Protecting Radio Condensers At High Altitudes 


JIL-FILLED RADIO CONDENSERS in war planes are guarded 
against electrical flashovers that may occur at high altitudes 
by specially designed porcelain “towers.” 


Westinghouse Electric & Mfg. 
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Company 
pieces with the terminals set farther apart. Shop tests show 
that the unit will hold up at altitudes of 60.000 ft. and will 
resist temperature changes ranging from —15 deg. F. to 234 
deg. F. Prestite, a mixture of clay. feldspar and flint. used 
to make these insulators, is being used as a substitute ma- 
terial for many parts of war equipment. Such parts include 
small bushings that seal radio transformers against mois- 
ture; watch-sized cylindrical faces. formerly made of phe- 
nolic plastic, to protect aircraft radio tubes from sharp tem- 
perature changes; water cooler reservoirs, formerly made of 
aluminum; flanges for shafts formerly made of steel: and 
valve seats formerly made of bronze castings. Porcelain of 
this type can be soldered to metal by painting the surface of 
the porcelain with a gold-platinum liquid and firing it. The 
solder adheres to the metallic-paint base. 


Engineers of 
designed these 
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modified process 
diminishing the need for vacuum and 


reduces costs by 


pressure made possible by more 
nearly complete penetration. Investi- 
gations made by the Connor- 
McCorkle Corporation have resulted 
in the development of much data 
showing the effect of this modifica- 
tion of the impregnating process. 


WOODEN TRAILERS 
IN MASS PRODUCTION 


One-ton trailers for military vehicles 
are now being produced in mass quan- 
tities by Willys-Overland Motors. Inc. 





Designed to conserve steel by the use 
of a composite wood body, the vehicles 
are being turned out on the same 
assembly lines used to manufacture 
quarter-ton amphibian trailers for 
the company’s Jeeps. The new trailers 
can be attached to any size truck and 
are equipped with wheels and tires 
that are interchangeable with those 
of standard military vehicles. Other 
features include a third wheel under 
the pintle hook, removable side racks 
and roof bows for a tarpaulin cover- 
ing. The body has a floor area of 
nearly 30 sq. ft. and is 40 in. high. 





Discussions and Comments From Readers 


NEIBEL FINDS JONAS 
PROBLEM SIMPLE 


To the Editor: 

Mr. Jonas’ problem (Propuct 
ENGINEERING, July, p. 457) involving 
three circles inscribed within a fourth 
is very interesting and I have seen 
it in various forms many times. How- 
ever, it has always been submitted as 
a “trick” problem and I must confess 
I have never encountered a practical 
application for it. 

I can hardly agree with the state- 
ment that analytics provides the 
easiest solution. Two quadratic equa- 
tions, arrived at by applying well 
known formulas for the solution of 
oblique triangles, are easy of solu- 
tion and yield a finite value for 
radius d. 

In the problem as shown (ratios 
of known circles 1, 2 and 3) diameter 
d is 6/7 of the diameter of the smaller 
of the two other inscribed circles; in 
this case 6/7 in. —D. E. NEBEL 


RADIO AND SONIC WAVES 
CONFUSED IN ITEM 


To the Editor: 


In the July, 1943, issue of Propuct 
ENGINEERING appeared a topic in the 
section “Wartime Design News.” In 
this item appears the following 
words statement, which is incorrect: 
“To chart the depths, technicians 
aimed radio waves at the bottom of the 
sea and recorded them when they had 
completed the round trip from the 
sending device to the sea floor and 
back.” In addition, the velocity of 
radio waves is given as approximately 
the velocity of light waves, namely 
186.000 mi. per sec. This figure is for 
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waves in a vacuum but is considered 
roughly accurate in air. However, in 
sea water, attenuation is sufficiently 
great to substantially alter this figure. 
As a matter of fact, attenuation of 
any electrical wave in sea water is so 
great as to render impossible such a 
procedure as quoted above unless the 
water is little over 3 ft. in depth. 


In my opinion, the author has cop. 
fused radio with sound. Sound has 
been in use for some time as a method 
of determining oceanic depths. A 
sound wave is projected in the direc. 
tion of the ocean’s floor, reflected 
there and the reflection captured at 
the source. Transit time, together with 
knowledge of the velocity of sound in 
water, then renders it possible to de. 
termine the relative depth of the sea, 

The velocity of sound waves in sea 
water can be approximated by the 
formula 


P ¢ À e ' e 
V a \ g where J is the wavelength of 
© 
a7 
the sound and g equals the gravitational 
constant. 
—W. Josep Rieccer 
Assistant Physicist 
Electronics Section 
Naval Research Laboratory 


READER SEEKS SOLUTION 
TO THREADING PROBLEM 


To the Editor: 
We are faced with a problem on 
threading, particularly as it applies 


to caps for containers. It is our desire 
to make the thread so that the cap 





Cactus Fibers Used in Brushing Wheels 





gene 





Fibers of the century plant are used 
for the brushing wheel shown here 
cleaning and deburring the teeth of 
a precision-made aircraft gear. Brush- 
ing wheels made of such fibers are 
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Osborn Manufacturing 00 


being used for polishing and blending 
surfaces, removing scratches and tool 
marks, and rounding corners and 
forming radii. The chemically-treated 
fibers are tough and of fine texture. 
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will stop at a definite place. Can you 
help us solve this problem? 
—J. W. Stocum 


Eprtor’s Nore—Any reader who can 
aid in the solution of this problem is 
asked to send whatever data he has to 
Propuct ENGINEERING for forwarding 
to Mr. Slocum and for publication in 
these pages. 


INAPPROPRIATE NAME USED 
IN TABLE OF BEARING 
FORMULAS 


In the table, “Hydro-Dynamic For- 
mulas Useful in Bearing Design” on 
pages 464 to 466 of Propuct Encr- 
NEERING for July, 1943, the name 
“gravitational constant” was used for 
data and values applying to the accel- 
eration of gravity. This name, there- 
fore, should have been “gravitational 
acceleration.” 


CAN YOU FIT THE PLANK 
INTO THE RECTANGLE? 


To the Editor: 


Here is a problem that has baffled 
me for a year, yet I am sure that it 
can be solved with the information 
given. Perhaps a reader can do it. 

A plank 12 in. wide is cut square 
on the ends and of such length that 
it fits diagonally into a rectangle 6x8 
ft. as shown, with all four corners 
touching. How long is the plank? 

—L. M. BEAvEN 


Epiror’s Note—Solutions submitted 
by readers will be published in these 
pages as soon as practicable after they 
are received. 
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To insure that hand grenade fuses 
contain the proper amount of powder, 
the fuses are checked automatically 
by an X-ray machine that handles 
4,000 units an hour. Fuses are set up- 
right on a movable belt. A beam from 
a 100,000 volt X-ray penetrates each 
passing fuse and casts a glow on a 
fluorescent screen above which is a 
phototube. While the fluorescent glow 








X-Ray Checks Fuses Automatically 


` 19" meee rte R 
ee ae a 


General Electric Cumpuny 


remains constant, nothing happens. 
Should a fuse with a light powder 
charge pass through the machine, the 
phototube detects the change in the 
fluorescent glow and automatically 
operates several warning signals be- 
sides making a permanent record of 
the dud on a meter chart. With this 
system a box of 200 fuses is unpacked, 
X-rayed and repacked in 3 min. 


Meetings 


Society of the Plastics Industry— 
Fall meeting, Nov. 8-9, Hotel Waldorf- 
Astoria, New York, N. Y. 


Society of Automotive Engineers— 
Materials meeting, Nov. 10, Hotel 
Carter, Cleveland, Ohio. Annual meet- 
ing, Jan. 10-14, 1944, Hotel Book- 
Cadillac, Detroit, Mich. 


American Society of Mechanical 
Engineers—Annual meeting, Nov. 29- 
Dec. 3, Hotel Pennsylvania, New 
York, N. Y. 


Society for Experimental Stress 
Analysis—Joint meeting with the 
American Society of Mechanical Engi- 
neers, Applied Mechanics Division, 
Dec. 2-4. Hotel Pennsylvania, New 
York. N. Y. 











Manufacturers’ Publications 





Aluminum-Coated Steel—American 
Rolling Mill Co., Middletown, Ohio. 
Booklet, 7 pages. Qualities and char- 
acteristics of recently developed Alum- 
inized Steel are discussed, including 
gage and weight limits, physical and 
chemical properties, corrosion and 
heat-resistance, formability, weldabil- 
ity, paintability and advantages over 
either steel or aluminum. 


Insulating Materials—General Elec- 
tric Co., Schenectady. N. Y. Catalog, 
60 pages. Entire line of insulating 
materials, including varnished cloths, 
varnishes, Glyptals, tapes, cords, cot- 
ton sleeving, varnished tubing, mica, 
wedges, soldering materials, cements 
and compounds, made by the company 
is listed and described. 


Molded Plastics—Richardson Co., Mel. 
rose Park. II]. Bulletin, 12 pages. Sug- 
gestions for proper design for molded 
parts are featured along with grades 
and properties of Insurok molding 
material. 


Rings—Dresser Mfg. Co., Bradford, 
Pa. Catalog. 24 pages. Rings made by 
rolling, welding and sizing various 
shaped sheets. bars and other sections 
are covered. 


Reproduction—Hunter Electro-Copy- 
ist, Inc., Syracuse, N. Y. Catalog, 24 
pages. Equipment and uses for vari- 
ous models of the company’s photo- 
copying machine are described. 


Structure—Lindsay & Lindsay, 222 W. 
Adams St.. Chicago 6, Ill. Manual, 
40 pages. Contains technical infor- 
mation about the Lindsay structure 
and construction suggestions for vari- 
ous types of units. 


Plasties—E. I. du Pont de Nemours & 
Co., Wilmington. Del. Bulletin, 12 
pages. Physical properties of a new 
heat-resistant formulation of Lucite 
methyl methacrylate resin molding 
powder are disclosed, 


Connectors—Cannon Electric Devel- 
opment Co., 3209 Humboldt St., Los 
Angeles, Calif. Wall Charts. Insert 
arrangements. figure numbers, shell 
sizes, dash numbers. total contacts. 
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wire sizes and service designations of 
electrical connectors are shown on one 
chart. The other contains AN iden- 
tification numbers of each of the four 
types of AN connectors shown on the 
first chart and other pertinent refer- 
ence data. 


Compressors — Cooper - Bessemer 
Corp., Mt. Vernon, Ohio. Calculator. 
Volumetric efficiency, brake horse- 
power and total piston displacement 
of any make of compressor can be 
estimated. 


Heat-Treatment—Westinghouse Elec- 
tric & Mfg. Co., E. Pittsburgh, Pa. 
Booklet B-3251, 16 pages. Explains 
the chemical reaction, composition, 
cost, application and equipment 
needed for Endogas, Exogas, Monogas 
and Ammogas heat-treating atmos- 
pheres and their variations. 


Instruments — Yarnall-Waring Co., 
Chestnut Hill, Philadelphia 18, Pa. 
Bulletin WG-1820, 8 pages. Mechan- 
ism and methods of installation of the 
company’s remote water-level indi- 
cator are described. 


Tubes—Electronic Enterprises, Inc., 
65 Seventh Ave., Newark, N. J. Book- 
let, 11 pages. Power and transmission 
tubes made for the Army, Navy and 
Air Corps are described. 





Vibration—Korfund Co., Long Island 
City 1, N. Y. Catalog G-100, 24 
pages. Theory and application of 


vibration control to stationary and 
marine equipment are discussed. 


Fibre—Spaulding Fibre Co.. 310 
Wheeler St.. Tonawanda, N. Y. 
Booklet, 36 pages. Engineering data 
and suggested uses for the various 
forms of the company’s fibre products 
are presented. 


Heaters—General Electric Co., Sche- 
nectady, N. Y. Bulletin GEA-4076, 8 
pages. Describes the electronic 
method of heating metals and illus- 
trates many small parts that can be 
brazed, soldered or surface-hardened 
by this process. 





Controls — Photoswitch. 
Broadway, Cambridge 42. 


Electronic 
Inc.. 77 
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Mass. Folder, 4 pages. Data and 
illustrations of electronic level con 
trols for liquids and powders are pre. 
sented. 


Testing Instruments—James G. Bid. 
dle Co., 1211 Arch St., Philadelphia 
7, Pa. Bulletin 1735, 12 pages. De. 
scribes the company’s Megger insula. 
tion tester, now housed in a molded 
plastic case. 


Dies—Jessop Steel Co., Washington. 
Pa. Folder. 4 pages. 
cations and shapes are given for rolled 
composite die sections made by the 
company. 


Sizes. appli- 


Molded Plastics — Imperial Molded 
Products Corp., 2925 W. Harrison 
St., Chicago, Ill. Bulletin K-200, 4 
pages. Characteristics of various com- 
pression-molded plastics and typical 
parts molded by the company are 
featured. 


Tubing — Summerill Tubing Co. 
Bridgeport, Pa. Data sheets, 10 pages, 
Basic information on tapered and 
formed tubes, to be added to the com- 
pany’s “Aircraft Tubing Data” vol- 
ume, is given. 


Conveyors—Continental Gin Co., In. 
dustrial Div., Birmingham. Ala. Data 
Book 1D-105, 20 pages. Complete en- 
gineering data on design of belt con- 
veyors are contained. i 

Marking—Superior Type Co., 1800 
W. Larchmont Ave., Chicago, Ill. 
Catalog, 44 pages. Various machines 
and devices for marking industrial 
products are described and illustrated. 


Control — Automatic Temperature 
Control Co., 34 E. Logan St., Phila- 
delphia 44, Pa. Catalog A8, 4 pages. 
Design and operation of the company's 
Type 303 valve operator are described 
along with tables covering electrical 
data, force and torque information, 
dimensions and operating force. 


Tubing—Michigan Seamless Tube 
Co., S. Lyon, Mich. Chart. Two hun- 
dred standard sizes, ranging in O. D. 
from xs to 3 in. and wall thicknesses 
from 0.022 to 0.250 in., of seamless- 
steel aircraft tubing are tabulated. 


Inspection—Picker X-Ray Corp.. 300 
Fourth Ave., New York. N. Y. Book- 
let, 24 pages. Radiographic exam- 
ination of industrial materials and 
products is discussed and industrial 
X-ray units are described and illus- 
trated. 
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Free En terprise 


WHAT IS IT? HOW DOES IT WORK È 


uRS is a free-enterprise economy the chief motivat- 
One forces of which are the prospective rewards 
for effort and risk-taking. Its smooth operation depends: 
first, on adequate incentives for risk-taking, innovation, 
and individual effort; and second, on sufficient competi- 
tion to minimize the need for government regulation 
and to prevent artificially high prices or wages from 
being maintained in large segments of the economy. 
Trouble comes when these incentives and this competi- 
tion are tampered with or removed. 

America was founded by men who had the urge to 
better themselves and the courage to take a chance. 
These men uprooted themselves in Europe and braved 
the unknown. They risked all for freedom. ‘They knew 
that, to be free, they had to attain economic freedom. 
Their goal was an economic freedom which permits the 
private ownership of property, the free choice of jobs, 
and free entry into entrepreneurial pursuits. Their 
efforts, therefore, were directed toward individual op- 
portunity with no limit on individual achievement. 
Their foresight and the endeavors of those who fol- 
lowed them created the world’s greatest industrial 
nation enjoying the highest standards of living. 

We can take pride in the knowledge that our country 
has been the greatest single contributor to the world’s 
physical assets even though we remember that an abun- 
dance of natural resources contributed materially to 
America’s economic development. But the fact that our 
progress has been interrupted, again and again, by de- 
pressions which resulted in enormous wastes of our 
human and material resources is sobering proof that 
our economic mechanism still is far from perfect. 

Our production per man-hour has been increasing at 
the rate of 242% per year. Improved machines and 
greater efficiency have more than tripled the output per 
hour of work since 1900. Looking to the future, this 
annual rise indicates that our production per hour of 
work will double in the course of the next 25 to 30 
years. This means that we can have twice our present 
volume of goods and services per capita or an equiva- 


lent combination of more production and méré leisure. 
In other words, we can further increase the living 
standards and further decrease the working hours of 
the American people by further intensifying our indus- 
trial efficiency. 

This is no idle dream. It can be achieved, and it will 
be achieved, if only we maintain the essential features 
of our system of individual enterprise which alone 
makes possible this near-utopian goal. Intensification 
of our efficiency, however, means that we can have full 
employment only if we expand enormously our produc- 
tion, and particularly our production of new goods. We 
can expand total production only if we have the mar- 
kets and the demands for the vast output of goods and 
services made possible by our technological develop- 
ment. ‘To attain these, we will need to venture into new 
markets, new inventions, and new methods. Such ven- 
tures involve risks, and risks will be taken only if there 
is sufficient prospect of reward. 

Let us never lose sight of the fact that the essential 
features of free enterprise are the prospective rewards 
for risk-taking as well as for effort. 

The evidence is clear that incentive methods of wage 
payments will boost production. Carefully devised sys- 
tems of salary payment with large differential induce- 
ments for superior performance have been powerful 
means of raising the standards of managerial accom- 
plishment. 

Free enterprise cannot operate effectively unless the 
wage and salary system offers greater rewards for greater 
effort. Neither can it operate effectively unless the pros- 
pects for profit are sufficient to encourage the employ- 
ment of resources which otherwise would be kept idle. 

Unless the prospects of profit are superior to the 
prospects of loss, new ventures will not be undertaken 
and going concerns will not expand or continue long 
in business. When the hope for profits wanes, employ- 
ment and production slump; when that hope revives, 
employment and production recover. 

Business initiative must be given every possible in- 











ducement in order that maximum employment may be 
achieved through private enterprise. ‘This involves the 
removal and avoidance of restrictions on business by 
government, by labor, and by business itself. 

Competition is the life-blood of the free enterprise 
system. Business and industry must rely upon efficiency 
rather than upon protection from competition for their 
survival. 

‘Those government controls which were made neces- 
sary during the war by the magnitude of government de- 
mands for goods should be lifted at the earliest pos- 
sible moment. As soon as the danger of inflation has 
receded, price controls must be removed and profit 
margins again left free to be determined by market 
forces. The excess profits tax must be repealed and the 
burden of other taxes on business profits greatly re- 
duced. Tax laws should be revised so as to permit ade- 
quate rewards for assuming risks. The modernizing of 
anti-trust laws and their vigorous enforcement, not in- 
discriminate persecution, will be supported by all 
who really want free enterprise. Such measures will 
strengthen the incentives to expand old businesses and 
to start new ventures. 

Grants of unlimited monopoly powers to labor 
unions which enable them, consciously or not, to 
sabotage the profit incentive in business must be with- 
drawn. Labor has certain legitimate rights; and in order 
to preserve them and its freedom, labor must come to 
realize that its best interests lie in a well functioning, 
self-disciplined competitive free-enterprise economy. 

There must be evolved in the minds of business, 
labor, and the public a recognition of the need for pri- 
vate business enterprise and a realization that policies 
which throttle it are harmful not only to businessmen 
but to workers and consumers as well. Unless we 
achieve this understanding and avoid needless deter- 
rents to business expansion, we are likely to pay for our 
folly in the destruction of our free enterprise system. 

We cannot tolerate conditions in which special inter- 
est groups in business, labor, agriculture, or politics 
prevent free access to the market by would-be competi- 
tors. Such monopolizing of opportunities stifles progress 
and creates profits or wage rates based on artificial 
scarcity. In such cases government interference to 
open the market to all comers is clearly indicated. We 
must recognize the need for constructive policies by 
business, labor, and government which will insure the 
competition necessary for the successful operation of 
our economy. 

Increased government regulation and control of busi- 
ness activities is not conducive to strengthening the 
virility of private enterprise. Government ownership 
and operation of productive resources certainly is not 
to be condoned. The more government rules and regu- 
lates business, the less will be the incentive to assume 
risks and to exercise individual initiative. Government 
regulation of the detailed operation of industry inhibits 
progress, is prey to political pressures, and is subject to 
the human failings of its administrators. Better far the 


rough guidance and justice of vigorous, though some. 
what imperfect, competition than the uncertainty of 
arbitrary regulation. 

The grav rest threats to our competitive system exist 
in legalized monopolies, such as the N.R.A. once com. 
prised, such as the labor unions and farm groups have 
recently achieved, such as businessmen themselves have 
sometimes sought. The power of labor monopolies to 
encroach on business profits will tend to interfere 
seriously with the needed flow of new investment. And 
when any group is strong enough to move the average 
level of costs as much as the labor groups and the farm 
groups are able to do, there is good reason to fear that, 
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when we begin to approach high levels of employment | 
and production in time of peace, these groups will in- f 


duce a price-wage spiral which will waste money in. 


comes on price increases instead of permitting them to 


draw unemployed resources into production. While the 
demands of labor for collective bargaining rights and 
the demands of farmers for protection against the rigor 
of depression have validity, there can be no reason for 
excessive grants of power and privilege which threaten 
to make our system of free enterprise unworkable. 

Ours is a complex economic structure. ‘The functions 
which prices, income, savings, investments, and taxe 
play in this system are dificult to comprehend. 

As I have said before: Thinking is hard work, and we 
will have to work hard if we are to develop busines 
policies, labor policies, and government policies which 
will insure full employment and the opportunity for 
consistent profit. Yet only through such policies can we 
guarantee that private enterprise will be the predomi 
nant source of jobs, income, and production. 

Even more difficult than thinking, and more impor 
tant, is the implementation of many policies that ar 
in the interest of the free enterprise system. Not all 
measures will satisfy all people. Special interests wil 
have to be subordinated to the total interests of the 
nation. Sacrifice and vision have been essential to the 
winning of the war. They will be no less essential to 
the winning of the peace. 

If we can gain recognition of the crucial role of in 
centives for enterprise, if we stand squarely for com 
petition and against protection or privilege for specid 
interests, and if we bend our efforts to find satisfactory 
ways and means to prevent large-scale unemployment, 
we can have the full benefits which only a free enter 
prise system can produce—in industrial progress, in im- 
proved standards of living, and in the preservation of 
our democratic ways of life. 





President, McGraw-Hill Publishing Company, Inc. 
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Fluid Motor 


Introduction of a  floating-drive 


principle features the HydrOILic fluid 
motor in which a direct connection 
is used instead of mechanical link- 
ages between the driving and driven 
elements. Speed of the motor is regu- 





lated by changing the valve adjust- 
ment which controls the flow of oil 
through the motor. Horsepower output 
is directly proportional to the revolu- 
tions per minute, with a given con- 
stant operating pressure on the fluid. 
Running torque is estimated at 95 
percent of theoretical torque and 
stalled torque is 85 percent of the 
running torque. The motor can be 
mounted in any position without af- 
fecting its efficiency. Base-plate, foot- 
plate and flange-type mounting are 
available. Denison Engineering Co., 


Columbus 16, Ohio. 


Panel Instruments 


Available with either brass or 
bolted Textolite dustproof and mois- 
ture-resistant cases in 21% in. sizes, a 
line of small, thin, d.c. panel instru- 
ments featuring internal-pivot con- 
struction includes d.c. volt-meters, am- 
meters, milliammeters, microam- 
meters, radio-frequency ammeters 


and milliammeters and d.c. volt-am- 
meters. The last, one of a group de- 
signed for Naval aircraft, has a push- 
button switch to change the reading 
from amperes to volts. In these instru- 
ments the pivots are mounted on the 


NEW MATERIALS AND PARTS 


inside of the armature shell. One jewel 
bearing is mounted rigidly on top of 
the core-and-frame assembly, and an- 
other is mounted in an adjustable 
sleeve fitted into the lower part of the 
soft iron core. This makes a single, 
self-contained unit, all parts of which 
are supported by a high-coercive cast 
magnet that can be easily removed 
for inspection or repair. The combina- 
tion of high torque and a lightweight 
moving element results in fast re- 
sponse, and good damping makes for 
ease and accuracy of reading. The 
instruments will operate in tempera- 





tures ranging from —50 deg. C. to 70 
deg. C. and are accurate to within 
+2 percent limits. General Electric 
Co., Schenectady, N. Y. 


Flexible Fastener 


Functions of a supporting strap and 
a vibration absorber are combined 
in the flexible fastener for stationary 
or movable tubing. The fastener con- 
sists of a cone-spiraled sensitive spring 
terminating in a clip which snaps on 
the tube. The right size fastener is 
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chosen to fit the outside diameter. The 
fastener is then attached to a support- 
ing surface with a standard or wood 
screw fitted through the cone. Since it 
flexes in all directions, the fastener 
can be installed in either lateral or 
vertical position. Packless Metal Prod- 
ucts Corp., New Rochelle, N. Y. 


Variable-Speed Gear 


Mechanism 


Now available for incorporation in 
designs is the gear mechanism used 
in the P.I.V. variable-speed transmis- 
sion unit. Since the mechanism is sup- 
plied without a housing it can be 
mounted in the same oil reservoir 
used for change-gear sets. The mech- 
anism is all-metal construction and 





employs a drive chain making side 
contact with radial teeth cut on the 
two adjustable-diameter disks consti- 
tuting each of the wheels with which 
the chain connects. Link Belt Co., 
2045 W. Hunting Park Ave., Phila- 
delphia 40, Pa. 


Aircraft Transformer 


Designed for use with aircraft gyro 
instruments is a 2-to-3-phase trans- 
former measuring approximately 
254x214x234 in. and weighing 13.6 
ounces. It provides the correct power 
supply for operation of Types KB-1 





749 









and 


KC-1 three-phase instruments 
equipped with the 750-va. Holtzer- 
Cabot inverter. A 115-volt, three-phase, 
400-cycle output is supplied from the 
dual 26-volt and 115-volt output pro- 
vided by the inverter. The transformer 
will operate one or any combination 
of two of the above instruments, 
bringing them to full speed in ap- 
proximately 1144 min. at 25 deg. C. 
The unit operates at any altitude when 
suitable ventilation is provided. Gen- 
eral Electric Co., Schenectady, N. Y. 


Coolant Pump 


Known as Model 9040, a new 
Gusher coolant pump is designed for 
installation interchangeability with 
the Model 1-P3 pump. It is avail- 
able in any current characteristics, in- 
cluding 25 cycle, 1-, 2- or 3-phase, 
and is equipped with an integral- 
flange bracket for reservoir-cover or 
bed-plate mounting. The 14-hp. in- 
closed motor is equipped with ball 
bearings and a one-piece rigid shaft 
which extends to the impeller. Two 
lengths are available—6xs in. and 
8x in., measured from the mounting 





flange to the bottom of the pump. 
Either 1%-in. or 34-in. pipe size dis- 
charge is available. Ruthman Machin- 
ery Co., 1819 Reading Rd., Cincinnati, 
Ohio. 


Temperature-Control Switch 


Three switches are included in the 
Model VD-3 _ temperature-control 
switch. These are normally closed, 
opening on a rise of temperature; 
normally opened, closing on a rise of 
temperature; and single-pole, double- 
throw switches. A heavy cast-iron base 
and a cast cover make the unit water- 
and vaportight. It is designed for 
mounting under extreme exposed con- 
ditions. Individual adjusting screws 
provided with locking screws set the 
temperature at which each switch op- 





erates. Main temperature adjustment 
is outside of the case and covered by 
a watertight cap so that the differen- 
tial between the switches is not af- 
fected by a change in temperature. 
The difference betwen operating tem- 
peratures of any two switches may be 
from 300 to 800 deg. F., depending 
on the sensitivity of the instrument. 
Instruments may be furnished for 
any temperatures from —100 to 1,400 
deg. F. Burling Instrument Co., 253 
Springfield Ave., Newark, N. J. 


Polyphase Induction Motor 


Designed to carry a continuous load 
of 115 percent without injurious heat- 
ing is a line of general-purpose poly- 
phase squirrel-cage induction motors 
that utilize the Copperspun rotor. 
The frame is so constructed that flying 
chips, falling particles, dripping 
liquids and other hazards cannot enter 
the motor regardless of its position. 
Ball bearings sealed in cartridge-type 
housings minimize bearing failure. 
Cross-flow ventilation is obtained by 
protected inlets and exhausts below the 
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centerline at each end of the motor § 







ce 


4 





The frame is cast in one piece with ® 


rib sections to give added strength § 


Where space is limited, the conduit 


can be brought up between the feet to 
a tapped hole in the frame and the 
conduit-box cover assembled flush 
with the frame. When the conventional 
conduit box is used, it can be mounted 


in any of four positions. The moton P 


are rated at 40 deg. C. and havea 
synchronous speed range from 450 to 
3,600 r.p.m. and a horsepower range 
from 1% to 600. Fairbanks, Morse & 


Ill. 


High-Voltage Tubular 
Capacitors 


For use in intermittent d.c. or cor 
tinuous a.c. high-voltage applications, 
the Type ’26 high-voltage capacitor 
are announced. Impregnated ani 
filled with oil, these capacitors ar 
built of matched insulated sections o 
uniform capacitance, connected it 
series. Equal voltage stresses are 
maintained for all sections with a wi 
form voltage gradient throughout th 
length. High purity aluminum fai 
with many tab connectors provide high 
conductivity with low inductive react 





Co., 600 S. Michigan Ave., Chicago, § 
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ance. The case is of special laminated 
phenolic tubing protected by high-re- 
sistance insulating varnish for di- 
electric strength and safety from 
external flashover. There is a long 
creepage path between the terminals, 
which are two-piece cast aluminum 
end caps sealed with phenolic treated 
cork gaskets. Caps are available with 
mounting feet for arrangement in 
series, parallel or series-parallel. 
Plain end caps are also obtainable. 
Aerovox Corp., New Bedford, Mass. 


Industrial Thermometer 


Light weight features an industrial 
thermometer made of substitute mate- 
rials. A plastic-case front is unaffec- 
ted by service temperatures. Either 
the glass cover or the entire front 
can be replaced. The thermometer tub- 
ing has a yellow back and a lens front. 
The yellow background offers good 
contrast with the mercury. Malleable 
iron, protected against corrosion by a 





black finish, is substituted for brass 
for the back. C. J. Tagliabue Mfg. 
Co., Park & Nostrand Aves, Brooklyn, 
N. Y. 


Pneumatic-Set Controller 


Automatic adjustment of a control 
point, as indicated by a set pointer, 
y variations in output air pressure 
from another remotely located instru- 
ment is provided in a pneumatic-set 
controller. The unit, available in both 
the indicating and recording form, is 
fundamentally a Fulscope controller 





additional unit to convert 


with an 
changes in input air pressure into 
linear movement of the set pointer. 


The magnitude of the linear set 
pointer movement per pound change 
in input air pressure is governed by 
the setting of an adjustment dial. Set 
pointer adjustments are possible in 
either direction for an increase in in- 
put air pressure and for limiting the 
travel of the set pointer. The instru- 
ment also has a manual set pointer 
adjustment feature. Taylor Instru- 
ment Companies, Rochester 1, N. Y. 


Inorganic Coating 


Maturing temperatures from 250 to 
750 deg. F., which enables applica- 
tion to light-gage sheets without dis- 
tortion, feature Poroseal, an inorganic 
coating that can be sprayed or dipped 
in one or two coats on sheet steel, 
malleable or cast iron. Available in a 
wide range of colors, the coating re- 
sists corrosion, acids, solvents, heat 
in excess of 1,100 deg. F., and abra- 


sion. It is non-toxic, homogeneous and 
odorless. Pemco Corp., Baltimore, 


Md. 


Slide Chart 


For the convenience of engineers 
and draftsmen, a slide chart has been 
developed which gives various infor- 
mation and data in connection with 
standard threads. The thread size 
shows U.S. Standard dimensions for 
coarse- and fine-thread series, based 


on data obtained from the govern- 
ment publication “Screw-Thread 
Standards for Federal Services.” Di- 
mensions for each size from No. 0 to 
1% in. are placed at the windows of 
blueprint dimensional draws. All re- 
quired data, such as threads per inch, 
major and minor diameters and head 
sizes, are obtainable in one reading. 
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This side also carries decimal equiva- 
lents of fractions and table of U. S. 
Standard gages for steel sheets. The 
reverse side is used to obtain dimen- 
sions for U. S. Standard and other 
commercial sizes of Woodruff keys. 
Dimensions for American Standard 
pipe threads are also obtained on the 
lower section of this slide. In addition, 
tables for changing millimeters to 
inches and gages for twist drill and 
steel wire are provided. Elemoto Sales 


Co., P. O. Box 62, Teaneck, N. J. 


Small Air Compressor 


Multiple-ply diaphragms are used 
instead of pistons and rings in a 
small air compressor developed to 
meet U. S. Navy standards. The unit 
delivers 2 cu. ft. of free air per min. 
at pressures up to 45 lb. and produces 
vacuums up to 25 in. It will operate 





in any position and requires 44 hp. 
input. The overall size is 944 in. high 
by 6 in. diameter. Precision ball bear- 
ings are sealed in. A Master model 
has double this capacity. W. R. Brown 
Corp., 5718 Armitage Ave., Chicago, 
39, Ill. 


Metal Layout Ink 


Developed for use on all metal sur- 
faces is Justrite tool- and diemaker’s 
metal layout ink. When spread on the 
die, template or machine part it dries 
quickly to form a gloss-free, plum- 
purple coating in which the design 
can be scribed. The ink will not crack, 
peel off or wash off in water, oil or 
cutting oils and cooling solutions used 
in machines. Another use is in check- 
ing gear-tooth contact, pointing out 
high spots, and as an aid in register of 
mating surfaces. Louis Melind Co., 


362 W. Chicago Ave., Chicago, Ill. 
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Torque-Stress-Load Relationship 
In Bolts and Screws 


OADS and stresses per unit 
torque given in Tables I and IHI 
apply to threaded members, similar to 
that shown in Fig. 1, which are tight- 
ened with a wrench such as cap 
screws, machine screws, bolts and 
studs. The values given in Tables 
I and II do not take into considera- 
tion members tightened with a screw- 
driver. Where a screwdriver is used 
there is an additional friction torque 
to overcome caused by the axial force 
with which the screwdriver is pressed 
down. The extra fine thread series 
included in Table II is used where 
accurate adjustment is necessary or 
as an added precaution against loosen- 
ing. 

Depending on the kind of fit, the 
actual area at the root of threads may 
be less than the basic area given in 
Tables I and II by as much as 30 
percent for the smallest screws, five 
percent for a 14 in. screw and about 
one percent for a 14% in. screw. 

Equations (1), (2) and (3), which 
follow, for the ratio of torsional stress 
S, to tensile stress S, the ratio of 
load P to torque T, and the ratio of 
combined stress S to torque T, all 
have been derived on the basis that 
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Table I—Loads and Stresses per Unit Torque 
For Numbered Size Threads 










































































No. of Threads Basic Max. Combined| Max. Axial 
Major Per in. Area of Tensile Stress, Load, lb. 

Size am. i Section At | lb. per sq. in., | on screw with 

No. in. Root of in screw with | torque of 1 in. 

Coarse Fine Threads, | torque of 1 in. lb. on nut 

sq. in. lb. on nut 

0 0.060 80 0.0015 72,600 74 
- 64 0.0022 43,900 65 
l 0.073 72 0 0024 38.100 66 
56 0.0031 26,200 55 
z 0.086 64 0 0034 23 400 56 
+ oe 0.0041 18,200 50 
3 0.099 56 0.0045 16.100 51 
i ot 0.0050 | 12,600 42. 
4 | 0.112 | 48 0.0057 10.700 43 
P om 40 0.0067 7,890 36 
- — 44 0.0072 7,190 37 
m ao | 32 0.0075 6,810 34 
6 | 0.138 40 0.0087 5.620 35 
e Ea 32 0.0120 3,560 30 
8 0.164 36 0.0128 3,270 30 
weet | T T 0.0145 2,660 26 
10 | 0.190 32 0.0175 2100 27 
~ ou 4 0.0206 1,600 23 
7 1 28 0.0226 1,410 23 


"O 





= mean bearing dia. of nut, in. 
= pitch dia. of screw threads, in. F 
, = minor dia. of screw threads, in. N 
a = one-half of thread profile angle, 
deg. i 
8 = helix angle, deg. j 
T = 


torque applied by wrench, in. 
lb. 


ll 


P = axial load of screw, |b. 


force with which nut acts or 


screw, lb. 


reaction normal to helix, lb. 
coeflicient of friction between 


threads 


coefficient of friction between 
nut and washer or bearing 


surface 
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the force system is in equilibrium 
when all moments acting on the nut 
equal zero, when all horizontal force 
components acting on the helix equal 
zero, and when all vertical force com- 
ponents acting on the same incline 
equal zero, and that 

P = rd? §Sı/4 

d, F/2 = r d? 82/16 

and the combined stress equation of 
the maximum strain theory (Seely, 
“Resistance of Materials”) 


fa [035 +0.65 VIF SSF | Sı 


in which the correction factor c 
equals 1.3, so selected that in the case 
of pure torsion, that is, where S, 
equals 0, the equation will give S./S 
a value of 0.6 which is the ratio of 
torsional elastic limit to tensile elastic 
limit. 
Additional symbols used in Equa- 
tions (1), (2) and (3) are 
u = coefficient of friction between threads 
v = coefficient of friction between nut and 
washer or bearing surface 
¢ = friction angle the tangent of which 
is y, 
m = $2 (8 + $) 
cos a 
Ratio of torsional stress S, to ten- 
sile stress S, is 
S:/S, = 2md,/d, (1) 
Ratio of load P, 1b., to torque T, 
in. lb., is 
P/T = 2/(Dv + dm) (2) 
Ratio of combined stress S, lb. 
per sq.in., to torque T, in. lb., is 


8 __8 [035+ 0.65 VI-+ Gend,/a) 
T xd, Du + dsm 
(3) 


The only quantities in the equations 
that are not definitely known, and 
which are subject to considerable va- 
tiation, are the coefficients of friction. 
Table V lists the coefficient of friction 
h between steel screw and steel nut 
as given by three authorities. 

In Tables I and II the loads and 
stresses per unit torque have been cal- 
culated from Equations (2) and (3) 
based on a coefficient of friction u 
equal to 0.12 between the threads and 
a coefficient of friction v equal to 0.14 
between nut and washer or bearing 
surfaces. Tables IV is included as an 
example of how variations in the co- 
eficients of friction affect the maxi- 


PRODUCT ENGINEERING 


Propuct ENGINEERING — NoveMBER, 1943 





Table Il—Loads and Stresses per Unit Torque 
For Fractional Size Threads 



































No. of Threads Per In. Basic Tensile Stress, | Max. Axial 
Area of lb. per sq. in., Load, lb., 
Size, Section in screw with on screw 
in. At Root of torque of with torque 
Coarse Fine Extra Threads, 1 in. lb. on of 1 in. lb. 
Fine sq. in. nut on nut 
20 0.0269 1,115 20.6 
1/4 28 0.0326 879 21.5 
32 0.0352 807 21.7 
18 0.0454 512 16.6 
5/16 24 0.0524 432 17.1 
32 0.0590 377 17.6 
16 0.0678 292 14.3 
3/8 24 0.0809 261 14.9 
32 0.0890 213 15.3 
14 0.0933 179 12.2 
7/16 20 0.1090 150 12.6 
28 0.1217 132 13.0 
13 0.1257 118 10.9 
1/2 20 0.1486 97.1 11.4 
28 0.1634 86.3 11.7 
12 0.1620 82.3 9.9 
9/16 18 0.1888 68.8 10.3 
24 0.2054 63.3 10.5 
11 0.2018 59.3 8.72 
5/8 18 0.2400 48.2 9.24 
24 0.2586 44.3 9.33 
10 0.3020 32.1 7.34 
3/4 16 0.3513 27.0 7.64 
20 0.3725 25.3 7.68 
9 0.4193 20.4 6.52 
7/8 14 0.4805 17.6 6.78 
20 0.5200 16.1 6.92 
8 0.5510 13.6 5.73 
1 14 0.6464 11.6 5.99 
20 0.6921 10.6 6.09 
7 0.6931 9.61 5.08 
1 1/8 12 0.8118 8.06 5.32 
18 0.8772 7.43 5.43 
7 0.8898 6.71 4.62 
1 1/4 12 1.0238 5.73 4.80 
18 1.0969 5.35 4.90 
6 1.0541 5.17 4.18 
1 3/8 12 1.2602 4.24 4.40 
6 1.2938 3.84 3.86 
11/2 12 1.5212 3.31 4.16 
18 1.6101 3.17 4.32 








Max. Combined 
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Table I1l—Permissible Combined Stress in Screws 
| 
Permissible Stress, 
lb. per sq. in., 
for static loads 
depending on quality 
of workmanship and 
method of manufacture 


Kind of Steel Condition of Steel 


a 
From To 
< 


Low Carbon Steel 13,500 


Hot rolled 5,500 








Medium Carbon St. 18,500 


o 


13,500 


Annealed 7,500 








Cold drawn 
Cold drawn 


Free Cutting St. 
Screw Stock 
Bessemer Steel 


5,500 


5,500 13,500 


————a 


22,000 








Annealed 
Nickel Steel a 
Heat-treated drawn at 1,000° F. 


8,500 


12,500 33,500 





Not treated 22,000 


33,000 
26,500 


36,000 


8,500 





Heat-treated drawn at 1,000° F. 12,000 
10,000 


13,500 


Nickel-Chromium Steel 





Not treated 





Heat-treated drawn at 1,000° F. 





Not treated 13,000 
19,000 


12,000 


35,000 
Molybdenum Steel 





Heat-treated drawn at 800° F. 50,000 





Chromium 
Vanadium — 
Steel Heat-treated drawn at 800° F. 20,000 53,000 


im 


Not treated 32,000 





Table IV—Max. Combined Tensile Stress, lb. per sq. in. 
In Screw With Torque of 1 in. lb. on Nut l i 

mum stress per unit torque in a coarse 
threaded No. 6 screw which has the 
greatest helix angle, and for an extra 
fine threaded 11% in. screw which has 
the least helix angle. Variation of the 
stress with the coefficient p is negli 
gible. Increase in u is accompanied 


Screw 0.10 
Having Greatest 
Helix Angle 0.12 
# 6-32 0.14 
Extremely 


High* 





Screw 0.10 
Having Least 
Helix Angle 0.12 
13 in.-18 0.14 
Extremely 
High* 


* Nut is fitting so tightly that it does not turn when torque is applied, also the case 
of a set screw breakage of which is caused by pure torsion. 


Table V—Coefficient of Friction Between Steel Screw and Steel Nut 


ar 
Heavy machine i 
oil with Heavy machine Authority 
graphite oil 


0.08-0.12 0.11-0.17 Maleev, Machine Design 





Norman, Ault, Zarobsky 
Fundamentals of Mach. Design 


0.11 0.14-0.15 


0.03-0.15 0.11-0.19 Kent’s Mech. Eng. Handbook 
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by a decrease of the tensile stress and 
an increase of the torsional stress so 
that the combined stress is affected 
but little. Changes of the stress with 
the coefficient v are somewhat greater 
but still small enough that they need 
not cause any concern, in view of the 
fact that the strength and elastic 
limit of the material are generally not 
known accurately. 

The permissible stresses in bolts 
and screws for static loads listed im 
Table III, are largely based on elastic 
limits, stock size factors, indexes of 
sensitivity to abrupt change and safety 
factors as given by Maleev. It must 
be admitted that the range within l 
which the permissible stress may vary, 
depending on the class of workman- 
ship and the process of manufacture, 
is so great that the usefulness of 
Table III is impaired, yet these seem 
to be the best data available today. 
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